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PRESIDENT 
Wuu1am B. Durry, Superintendent, Public Works, North Andover, Mass. 
(Term expires September 1954) 
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Rocer G. Oaxman, Superintendent, Water Division, Needham, Mass. 
(Term expires September 1954) 
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(Term expires September 1955) 
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(Term expires September 1956 
PAST PRESIDENTS 
Frevertck O. A. Atmoutst, Principal Sanitary Engineer, Connecticut State Department 
of Health, Hartford, Connecticut. 


Srantzy M. Dore, Deputy Chief, New York Board of Water Supply, New York, N. Y. 
SECRETARY 
Josep C. Knox, Secretary, New England Interstate Water Pollution Control Commission, 
Boston, Mass. 


TREASURER 

P. Metiey, Commissioner, Water Department, Milton, Mass. 
Eprror 

Grorce C. Houser, 220 Clyde Street. Brookline 67, Mass. 


(THE Association was organized in Boston, Mass, on June 21, 1882, with the object 
of providing its members with means of social intercourse and for the exchange of 
knowledge pertaining to the construction and management of water works. From an 
original membership of only TWENTY-SEVEN, its growth has prospered until now it in- 
cludes the names of 900 men. Its membership is divided into six classes, viz.: 
A Member shall be an officer or employee of a public or private water works, an engineer, chemist or 
of knowledge works. 


engineering. 
A Junior shall be not less than eighteen years nor more than twenty-five years of age, a student or 
connected with water supply work. 


or supp for the tion or maintenance of water works. 


Initiation Fees Annual Dues 
Members $ 3.00 Members... $ 6.00 
Corporate Members 10.00 Corporate Members 10.00 


Boston, sens i * ew England, one in southern New England, and one, the annual 
convention, held in September or October on such date as the Executive Committee may 


: 
; 
A ne branch of w or 
ii 4 Corporate Member shall be either « ater Board, Commission, Company or Mun ration. 
: The initiation fees and annual dues are as follows: ; 
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FROM THE CANADIAN BORDER 
TO THE GULF OF MEXICO... 
from the Rockies to Lake Michi- 
gan, the Ohio and Mississippi 
Rivers . . . this is the broad sweep of 
the Great Plains served by Lock Joint’s 
permanent pipe manufacturing plant at 
Turner, Kansas. Specializing in Lock 
Joint Prestressed Concrete Cylinder Pipe 
in diameters from 16” to 48”, designed 
for any pressure common to water works 
practice, the Turner plant also answers 
demands for this type of pipe in the 
Great Lakes area. 


LOCK JOINT PIPE COMPANY 


Established 1905 
P. O. Box 269, East Orange, N. J. 


. LOCK JOINT CON- 
CRETE PRESSURE PIPE is 
readily available east of the 
Mississippi from the Com- 
pany’s three other permanent 
plants in Wharton, N. J.; De- 
troit, Mich., and Columbia, 
S. C. Together these four stra- 
tegically located plants are 
equipped to handle any con- 
tract, however large or small, 
and offer the ultimate in mod- 
ern Concrete Pressure Pipe in 
a variety of standard diameters. 


PRESSURE PIPE PLANTS: Wharton, N. < Turner, Kan., 


Detroit, Mich., Columbia, 8. C 
SEWER & CULVERT PIPE PL ANTS: 
Casper, Wyo. + Cheyenne, Wyo. - Denver, Col. « Kansas City, 
Mo. + Kennett Square, Pa, - Valley Park, Mo. + Chicago, Ill. 
Rock Island, Ill. + Wichita, Kan. «+ Kenilworth, N. J. 
Hartford, Conn. + Tucumcari, N. Mex. + Oklahoma City, Okla. 
Tulsa, Okla. + Beloit, Wis. Henrietta, N.Y. Hato Rey, P. RB. 
Ponce, P. R. + Caracas, Venezuela 


SCOPE OF SERVICES—Lock Joint Pipe Company specializes in the manufacture and in- 
stallation of Reinforced Concrete Pressure Pipe for Water Supply and Distribution Mains 


16” in diameter or larger, as well as Concrete Pipes of all types for Sanitary Sewers, Storm 
Drains, Culverts and Subaqueous Lines. 
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INSIDE INFORMATION 
about Rockwell Type 6 Disc Meters 


SPINDLE AND DOG . a fexibic 
driving joint between geor troin and 
register. 


GEAR TRAIN .« Quiet, slow running 
enclosed type, fully hord rubber bushed 
Open type optional. 


STRAINER . 


Sizes 1%" and 2” 


STRAIGHT REGISTER Nickel picted, 
bushed, with stciniess dial 
foce. ROUND REGISTER optionol. 


STUFFING BOX Moximum sec! with 
friction. 


DISC CHAMBER, 
ADJUSTABLE TO 
PRESSURE CONDITIONS 
Two port construction. 

Five pressure setting 

odjustments provided 

to reguiate delivery. 


hese Quality /eatures Mean — 


GREATER ACCURACY, LONGER METER LIFE 


For measurement accuracy that lasts on all 
your 14%" and 2” services, you can make no 
better choice than the Rockwell Type 6 meter. 
In it, you'll get every wanted feature and many 
extras including a measuring chamber that 
can be adjusted to five different positions to 
regulate delivery. This prolongs meter life by 
governing maximum allowable rate of flow in 


ROCKWELL manuracturinc company 


PITTSBURGH 8, PA. Atlanta Boston 
Los Angeles 


Chicago 
New York 
San Francisco Seattle Tubo 


N. Konses City 
Pittsburgh 


In Conoda Peacock Brothers Limited 


Houston 
Philodelphio 


accordance with the line pressure, and pre- 
vents excessive wear due to over-speeding. 

To get all the revenue from profitable com- 
mercial and small industrial services, invest 
now in Rockwell Type 6 meters. They will 
repay their cost many times through a superior 
degree of maintained accuracy and lowered 
repair costs. 


The Symbol for Serve, Quality 
and Performance in Water Meters 


stainless steel strainer protects work- 
ing ports from foreign matter “a 
: CASES « Cost trom the best 
grode water works bronze. > 
Screwed or flanged 
connections = — 
Le 
DISC thrust roller type of 
vulcanized, hard rubber. Mode 
- 
i, 4 


FUTERED WATER 
STORAGE TANK 


RATE OF FLOW 


Have You Considered 
Purecel Filtration for 
Potable Water Supplies? 


When properly engineered and 
applied, a Purecel Diatomaceous 
Earth Filtration Plant can save a 
large percentage of the cost of a 
conventional sand filter plant, and 
can provide important operational 
economies as well. Several full-scale 
installations have already been 
made with very gratifying results. 


We will be glad to give you the 
benefit of our experience with this 


DIVISION OF 8B-I-F 


INDUSTRIES, 


BUILOERS [RON FOUNDRY « OMEGA MACHINE CO. © BUILDERS-PROVIDENCE, 


new type of water filtration system. 
Write us for data and recommenda- 
tions on a pilot installation for your 
water supply... also ask for 
Bulletins 1800-S and 1800-1 (re- 
prints of recent technical articles on 
diatomite filtration case histories). 
Proportioneers, Inc., 366 Harris Ave., 
Providence 1, R. |. Technical service 
representatives in principal cities of 
the United States, Canada, Mexico, 
and foreign countries. 


ROPORTIONEERS 
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FROw Raw WATER 
| FILTER TO 
PUMPS DRAIN VALVE 
CHLORINATION 
% 


WITH 


NEW 


RING-TITE 
JOINT...... 


RING-TITE PIPE 


Smith A.W.W.A. Specifications Gate Valves (4” through 
12”) and Smith Fire Hydrants (with 4” and 6” connecting 
joints) are now available with Ring-Tite joints for direct 
connection to Johns-Manville Class 150 Transite Ring-Tite 
Pipe. No special fittings or extra joint material needed. In- 
stallation is quick, easy, economical, and joints can be made 
in any weather and in roughest terrain. Tight, flexible joints 
ore assured. At low pressures, radial compression of rubber 
rings seals the joint; increasing pressure wedges the rings— 
the higher the pressure the tighter the seal. For complete 
details write for Bulletin RT 53. 
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WABASH DOUBLE-LID 
COVERS 


tor MAXIMUM 
PROTECTION from frost 


The Wabash Cover was designed to provide 
the utmost in frost protection for pit water 
meters. Two lids, with a 4” dead air space 
between, add extra insulation. Notice also, 
the extra depth and the sloping skirt that 
help hold heat loss to a minimum. 


. Top lid is inset and locked with the patented 
eee Ford Lifter Worm Lock. There is no finer 
The new No. 50 meter setting protection. 


Ford Catalog con- 

. tains full informa- 
tion. FREE. Send 
today. 


FOR BETTER WATER SERVICES 


Manufactured by THE FORD METER BOX COMPANY, INC. 
Wabash, Indiana 


| 
: 
| 
F oro) 
1 tor 
Ware Meters 
| 
FORD METER Ben CO. ee 
Oo Beaks ofthe 


FROM COAST TO COAST 


CALGON’ turns Red Water 


Water departments from coast co coast all report the 
same results .. . when treatment with only a few ppm 
of Calgon was insticuted, red wacer complaints went out 
the window. Says one water superintendent, “I feel that 
I live in a very appreciative community. Since I started 
using Calgon, I have had more phone calls compliment- 
ing me on supplying clear water than I ever had com- 
plaints about red water, and there were plenty of those.” 

You, too, can curn red water complaints into compli- 
ments. Calgon not only stabilizes iron or manganese 
dissolved in water at its source, bur also prevents iron 
pickup from pipes. Red water is definitely stopped. 

Corrosion control -with Calgont is effective against 
tuberculation, keeps flows high and pumping costs low. 
Call on the Calgon engineer for help with your water 
problems. 


CALGON, inc. 
A SUBSIDIARY OF HAGAN CORPORATION 
HAGAN BUILDING — PITTSBURGH 30, PA. 


Licensed under U.S. Pat. *Calgon is the registered trade mark of Calgon, Inc., 
for its vitreous phosphate products 
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Friction’s needed 


for a match 


oa My The R.D. Wood Hydrant can be fur- 

but 1ts no he 1 a nished with breakable flange and 

stem coupling at extra cost. Both are 

built to break with a heavy blow. 

This saves the hydrant itself and 
makes repair quick and easy. 


fire hydrant 


Friction causes loss of water pressure and 
reduces the effectiveness of fire-fighting 
equipment. That’s why R. D. Wood 
Hydrants are designed to cut friction 
way down—and why so many communi- 
ties rely on them for fire protection. 


THE R. D. WOOD SWIVEL JOINT HYDRANT:> 
All internal parts, including drain valve seat, removable 
through barrel ¢ all-bronze stuffing box ¢ completely re- 
volving head ¢ compression-type valve, cone shaped to 
prevent water hammer ¢ automatic drain valve ¢ bronze 
main valve seat screws directly into elbow with straight, 
not tapered threads ¢ mechanical-joint pipe connections 


if specified Or 


R.D Wood Swivel Joint Hydrants 


Public Ledger Building, Philadelphia, Pa. Manufacturers of “Sand-Spun”™ Pipe (centrifugally cast 
in sand molds) and R. D. Wood Gate Valves 
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MUELLER CURB STOPS 


lor the design... 


materials... 
workmanship! 


Since the founding of Mueller Co. in 1857 by Hieronymus 
Mueller, the inventor of the tapping and inserting machine 
and many other products for the water industry, Mueller 
Co. has been a pioneer in the development of water works 
products of the highest quality. The quality material and 
design of present Mueller water works brass goods are a 
direct result of these years of patient research and testing in 
the laboratory and in the field. 

And, the art of combining fine designs and materials into 
quality finished products has been an earnest endeavor of 
Mueller Co. for nearly a century. A great fund of production 
techniques and craftsmanship makes possible precision 
brass goods that must pass rigorous tests before they are re- 
leased to the trade. 

Mueller Curb Stops are typical of the excellent design, 
materials and workmanship found in all Mueller products— 
many of which have been chosen as “standards” of the 
Water Works Industry throughout the United States, 
Canada and many foreign countries. 


MUELLER CO. 
Dependable Since 1857 


MAIN OFFICE & FACTORY DECATUR, ILLINOIS 
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Wide World Photo 


this could happen in your town 


THIS CITY STREET CAVED IN when 
a water main broke. It’s a 
dramatic, but not an unusual 
example of what water does to 
road bedding. 

Protect your roads and pipes from 
the problems of leakage by 
Centrilining. This patented 
process thoroughly cleans and 
centrifugally lines pipes with 
cement mortar. Leakage, 


tuberculation and interior 
corrosion are permanently checked 
... Carrying capacity and 
distribution pressure are increased 
to “better than new” highs. And 
the whole process is done with 
pipes in place . . . no excavation 

. .. no traffic disruption. 

With Centrilining you can save 
your water mains . . . and 


streets too. 


Write today for free booklet 


CEMENT-MORTAR LININGS FOR PIPES IN PLACE 


3,000,000 FEET (temp 


CENTRILINE CORPORATION 


A subsidiary of Raymond Concrete Pile Co. 
140 CEDAR STREET, NEW YORK 6, N. Y. 


OF EXPERIENCE 


Branch Offices in Principal Cities of United States and Latin America 
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ANOTHER 
FAIRBANKS-MORSE 
LEADER 


12”x14” Fairbanks, Morse Figure 5814 Pumps 


Pictured above is a bird’s eye view of one of the two 12” x 14” Fairbanks, 
Morse Figure 5814 Double Suction Horizontal Split Case Centrifugal Pumps, 
supplying the Arlington, Arlington Heights and Belmont sections of the 
Metropolitan District Commission’s Water Division. 


Each of these two pumps rated at 6000 G.P.M. at 220 TDH is driven by an 
eight cylinder Model 31A81% Fairbanks, Morse Diesel Engine. 


Installed in early 1953 as part of the MDC’s new expansion program, both 
pumps take suction from the Wachusett Reservoir, Clinton, Massachusetts, 
distributing main and boost the pressure in the area served. 


A trained Fairbanks, Morse Engineer is on hand to help solve YOUR pump- 
ing problems. 


Write or telephone to: 


FAIRBANKS, MORSE & CO. 


178 Atlantic Avenue Boston 10, Massachusetts 
Telephone: LAfayette 3-3600 
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PROPORTIONEERS 
feeding and proportion- 
ing equipment for solu- 

OMEGA 
volumetric and gravi- 
metric feeders for dry and 
fluid materials ...... 

BUILDERS 
equipment for recording, 
indicating, and controlling 


Builders Model DVS-M Chlorinizer of 
Pennichuck Water Works, Noshuo, N. H. 


HENRY M. MAUTNER 
anager 
GERALD H. LAMPREY 
Maine 
RUDOLPH H. GRUNER 
New Hampshire & Vermont 
JOHN M. D. SUESMAN 
Rhode Island & Eastern Mass. 


LORRIN S. BRICE, JR. 
Western Massachusetts 


HOME OFFICE 


FRANK A. SHAW 
. 345 Harris Ave., Providence 1, R. I. Connecticut 


Telephone: GAspee 1-4302 
P 7G ROBERT F. KELSEY 

Boston Office 
JULES E. BANVILLE 
Providence Office 


B-I-F INDUSTRIES 


BOSTON OFFICE 
80 Boylston Street 
Boston 16, Mass. 


Telephone: HAncock 6-1060 


..-»eCall on the New England 
Sales Office of 
B-I-F Industries... 


METERS 
FEEDERS 
CONTROLS 
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Can we get 
installation savings 
and performance too? 


Yes...with the new 
Ring-Tite Coupling 


Speeds assembly of Transite Pressure Pipe 


In state after state, contractors are learn- 
ing that Transite® Pressure Pipe and the 
new Ring-Tite® Coupling provide fast, 
sure pipe line assembly with tight, de- 
pendable joints . . . strength to assure 
lasting trouble-free water mains through 
the years. 


With Ring-Tite, installation costs less 
—assembly follows digger closely. Typi- 
cal contractors’ comments: “On entire 
job, trencher and backfiller seldom over 
150 feet apart...” “Laid 6” Class 150 
Ring-Tite at a rate of 5000 feet per 8 
hours.” 

The design of the Ring-Tite Coupling 
permits quick, easy alignment. To as- 
semble, rubber rings are simply popped 
into grooves. Then lubricated pipe ends 
slide in under rings smoothly, surely. 


Pipe ends stop positively . . . with ends 
automatically separated within coupling. 
This separation gives the line flexibility 
to withstand shock and vibration, re- 
lieves line stresses, permits conformance 
to curves. Installations can be completed 
under adverse weather, temperature or 
terrain conditions. Moreover, there is no 
complicated equipment required. 


Transite Pressure Pipe and the Ring- 
Tite Coupling are made of asbestos and 
cement. They are strong and durable. 
They cannot rust, and are highly resist- 
ant to corrosion. Tested to A.W.W.A. 
specifications. 

For the new Ring-Tite folder 
TR-142A—please write to 5) 
Johns-Manville, Box 60, 

New York 16, New York. LY] 


Johns-Manville TRANSITE PRESSURE PIPE 


NOW WITH THE RING -TITE COUPLING 
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NEW 
> in design 


> in efficiency 
> in economy 


- for modern water storage 
THE 


PITTSBURGH 
MOINES 


This remarkable Pittsburgh-Des Moines development 
in elevated water storage combines striking appearance 
with new construction simplicity and economy. ¢ Con- 
sisting of an Icosasphere supported by a tubular 
tripod, the TRIPOD-SPHERE requires no wind brac- 
ing members. Because the center of wind pressure on 
the sphere coincides with the point of intersection of 
the supporting columns, no bending is introduced. 
Construction of the TRIPOD-SPHERE is covered by 
w a patent application. « Write for details on this new 
design in terms of your prospective water storage needs. 


The TRIPOD-SPHERE illus- 
trated, located at Gon- 
zales, California, has 
100,000-gallon capacity, 
with 31 ft sphere, on a 
100 ft tower. Head range 
is 23 ft 1 in. Diagram 
shows how wind force (W) 
on sphere places columns 
in tension or compression, 
without bending. 


T 


PITTSBURGH*DES MOINES STEEL CO. 
Plants at PITTSBURGH, DES MOINES and SANTA CLARA 


CHICAGO (3), 1222 First National Bank Bldg SEATTLE........ 526 Lane Street 
LOS ANGELES (48), ....6399 Wilshire Bivd. SANTA CLARA, CAL, 625 Alviso Road 


| 
j 
ripod- 
Sphere 
PATENT APPLIED FOR 
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Sales Offices at: 
PITTSBURGH (25) .. .. . 3418 Neville island DES MOINES (8), 919 Tuttle Street 
NEWARK (2) ... 218 industrial Office Bldg. DALLAS (1), 1223 Praetorian Bidg : 


Pipe Line Equipment 
WATER - GAS - SEWER 


Bottled Gas 
Lead Melting Furnace 


Asbestos Joint Runners 


ity asbes- 
tos rope, 
brass caps 
attached to 
each end. Equipped with 
clamps. 


Best qual- 


M-D Cut-In Connections 
for Sewers 


A light 

cast iron 

fitting 

with _ bell 

endfor 

connect- 

ing house 

service with main sewer 
pipe without necessity 
for placing a Y-branch 
or T-branch in the sewer 
line. 


Leak Detector 


A truly fine instrument 
designed to solve even 
the most difficult leak 
detecting problem. 


Calking Tool Outfit 


For water mains up to 
12”. Strong leather bag. 
Keeps the right tool for 
every job within easy 
reach. 


Test Plugs for 
Bell or Spigot End 
Cast Iron Pipe. 


On this page are shown 
only a few of the hun- 
dreds of items to be 
found in the POLLARD 
Catalog. Write for a 
copy of Catalog No. 
25F. 


Portable Lead 
Melting Furnace 


A handy outfit for quick 
action, equipped with 
gasoline burner. 
Pipe Cutter 
Inex pensive 
way of cut- 
ting pipe. 
Every wheel 
in contact 
with the pipe 
is a cutting 
disc, so cut- 
ter need be moved only 
a short distance to cut 
entirely around the pipe. 


Tapax 


The orig- 
inal man- 
hole cush- 
ion. Takes 
the bang 
out of 
manhole 
covers. 


M-Scope Pipe Finder 


It’s easy to locate a 
buried pipe line with this 
handy pipe finder. 


JOSEPH G. POLLARD CO., INC. 


Western Office 
1064 Peoples Gas Bldg. 
Chicago, Ill. 


MAIN OFFICE AND FACTORY 
New Hyde Park, N. Y. 


Southern Office 
333 Candler Bldg. 
Atlanta, Ga. 
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This Association, as a body, is not responsible for the statements or opinions of any of its members 


PORTLAND'S NEW SEBAGO LAKE INTAKE AND 
SUPPLY CONDUIT 


BY HERMAN BURGI, JR.* 


{Read September 28, 1953.| 


In a paper} before the New England Water Works Association in 
Boston in September, 1951, the author stated that the Portland Water 
District was proceeding with a second intake and conduit to bypass its 
intake built in 1925. Here is the story of “Portland’s New Sebago 
Lake Intake and Supply Conduit”’. 

In November of 1950 a hunter reported noticing running water 
in the area of the Portland Water District’s 54” intake and conduit, 
constructed in 1925. We inspected, surveyed the location of the con- 
duit, and found water coming from Station 21 + 00, the end of the 
60” tunnel from the lake and the beginning of the 54” conduit towards 
the transmission line header at the chlorine house. Then to make sure 
this water was coming from our intake, Harold Scales, chemist for 
the Portland Water District, had soda ash fed into the intake screen 
chamber, starting at a definite time and continuing for 20 minutes, 
while he himself sampled water at the leak. He noted increased pH 
about 20 min after the starting time, which pH increased to a maxi- 
mum, held about 10 min, and then dropped off. As a check, another 
and heavier dosing was ordered, and the result repeated, except that 

. this time the pH went beyond the scale of the indicator and then 
dropped off. Thus the soda ash fed in at the intake chamber dosed 
the water in the tunnel and showed up in the leak. 

Knowledge of this leak was quite important, because this 1925 
intake was the only means of getting water from Sebago Lake to the 
transmission lines, and every drop of water used in metropolitan Port- 


* Treasurer and General Manager, Portland Water District, 16 Casco St., Portland 2, Me. 
+ This Jounnat, 66:3, 245, Sept., 1952. 
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land had to come from the lake. Available local storage could not 
take care of the demand. 

During 1949 and 1950, the District had experienced repeated 
peak-load rates of 37 mgd, lasting through the daylight hours, with 
normal, average, daytime loads at a rate of 24 to 28 mgd. With such 
demands it was unwise to take the chance of unwatering the conduit 
and tunnel for an inspection, because the shut-down, unwatering and 
refilling would have taken better than 12 hours, and metropolitan 
Portland would have been out of water. 

Naturally, the first question was: How about using the original 
conduit, replaced in 1925 by the one now leaking? This conduit was 
built in 1868 from ‘The Point” at Chadbourne’s Landing, Standish, 
along a low run through the ledge ridge at the lake, to a point 5,400 
ft away, where a 20” pipeline was started for Portland. Construction 
was by open cut in earth and rock down 18 to 30 ft, except at two 
points, where, because of the depth of cut and hard ledge, tunnels were 
driven, one 741 ft and the other 30 ft long. The conduit had a brick 
bottom, two to four feet wide, vertical brick side-walls, and an arched 
brick roof, giving 31% to 5 ft of head-room. It was laid level, but gave 
capacity trouble, so that in 1878, from a point 2,300 ft distant from 
the lake, it was rebuilt by dropping it 18 in. in the ledge for a distance 
of about 1,600 ft towards Portland and continuing in dirt from there 
to the 20” pipe. 

At the high lake levels its capacity was 14 to 18 mgd, and at the 
1950 level of the lake its capacity was 6 to 9 mgd. The question was: 
Could we pump water through it to supply the 24- to 28-mgd daytime 
rate for Portland? 

Two Portland Water District employees, J. Porter Hennings and 
E. Boyd Livesay, went through the conduit. They reported infiltra- 
tion of ground water, the heaving of the brick bottom, and the drop- 
ping of the center of the arch in several areas. From their reports we 
felt that it was not safe to depend on this conduit to furnish the water 
supply to Portland by booster pumping while making repairs to the 
1925 intake. (Repairs actually took four months.) 

However, all of this gave us the idea of constructing in this 1868 
location for a 60” intake out into the lake, utilizing the ledge cuts for 
a conduit to the take-off of the 1868 20-inch main to Portland and 
the start of a 30” and a 42” main leading to the chlorine station. We 
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took this idea to Metcalf & Eddy, who were the designers of the 1925 
conduit, and they in turn called in Karl R. Kennison to figure on the 
hydraulics. 

Mr. Kennison shortly came back with a report, showing that 
hydraulically this was safe and sound, and suggested proceeding. This 
question of the new intake and the use of the siphon was brought be- 
fore the Trustees with an estimate of $1,000,000 as the cost and, after 
discussion, they authorized the plans to be prepared and construction 
to proceed. Mr. Kennison in the meantime had worked further on the 
hydraulics, but was not in a position to do the detail drawings. We 
therefore hired Camp, Dresser & McKee of Boston, and Thomas R. 
Camp with Mr. Kennison finally evolved the present scheme of the 
siphon. Herman Dresser of that firm did the actual design, specifica- 
tions and details of the layout. 

In the meantime, it was necessary for the Portland Water Dis 
trict to gather data. We made a complete survey of the old conduit, 
getting its lines and grades, and at the same time, by going through 
the old conduit and making soundings through the bottom of it, we 
were able to establish the ledge line along the conduit. We also had 
drilling crews making soundings and borings along the 1868 conduit 
and prospecting for the best location for a screen chamber. From this 
screen-chamber location we had a crew out on the ice in January and 
February of 1951, making soundings in order to determine the direc- 
tion and location of a 60” intake pipe out in the lake. 

Sebago Lake, the source of supply for the Portland Water Dis- 
trict’s system, has 45 sq mi of area and a drainage area of 425 sq mi, is 
approximately 16 miles from Portland’s City Hall, and has sufficient 
elevation to give gravity flow. Records show the high lake level at 
269 ft and the average low level at 257.7. The failure of the Eel-Weir 
Dam of the S. D. Warren Co. on the Presumpscot River could lower 
the lake to 253, and this elevation was recognized in the design. 

All of these things finally were put together and led to five items 
of the lay-out (see Fig. 1) as follows: 


1. The Screen Chamber. 


The screen chamber is an eight-sided structure, 53 ft by 32% ft 
in plan and 28% ft deep from the operating floor, elevation 270.5, 
to the bottom. It contains an entrance bay connected to three screen 
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pits, each of which has a sluice gate at each end. Each pit has a Link- 
Belt traveling screen and a hand screen in series, and these connect 
to another bay from which the 54” conduit takes the water. The water 
will flow into this last chamber by gravity, even at what we consider 
low-low water in the lake. Since we were constructing a siphon to 
avoid ledge excavation, we needed a rise of elevation in the lead away 
from this screen chamber, and it saved money to build into this screen 
chamber a vertical vacuum riser to the 255-foot elevation of the 54”. 
This was done by a curtain wall, extending down to within 6% ft of 
the bottom. 

The screen-chamber construction began in May of 1951, by build- 
ing a dike around the location, driving sheet-pile cofferdam and ex- 
cavating the earth, as well as about 500 cu yd of ledge. 

Thereafter, the reinforced bottom floor, walls and operating floor 
were constructed, and this was finished in December, 1951. In 1952 
the brick superstructure was erected; also two 60”-wide Link-Belt 
screens, hand screens, and the necessary piping were installed. 


2. The 60” Intake. 


Eight hundred feet out in the lake a pile structure was built, upon 
which was formed and cast a concrete intake fixture, designed as an 
elbow, having a horizontal opening 10 ft long by 5 ft wide and 5 ft 
deep inside, to allow for the connection of the 60” pipe (see Fig. 2). 
After being cast, the fixture was lowered into the lake, resting on piles, 
such that the top or inlet of this subaqueous elbow fixture was set at 
an elevation of 238.03 ft, or 4 ft above the normal bottom. The pipe 
is a 60” Lock Joint subaqueous pipe, 16 ft long, with rubber rings and 
pull-up bolts on each side. The pipe was lowered into a previously 
prepared trench, joined together by two divers, and laid to instrument 
grade. Upon arrival of the pipe within four lengths of the screen cham- 
ber, we inserted a special length, fitted with a collapsible steel bulk- 
head on the inside, and this pipe was placed and concrete tremied 
around the whole length of the pipe, and a cofferdam built over it. 
This unit, with the bulkhead and the cofferdam, kept out the lake 
water, and the contractor could excavate in the dry on the inside of 
the cofferdam and place the rest of the 60” pipe and the closure to the 


screen chamber in the dry. A profile of the intake pipe is shown on 
Fig. 3. 


Fic. 2—Svusagvueous INTAKE Fixture READY FOR LOWERING ONTO PILES IN THE LAKE. 


The Conduit from the Screen Chamber to the Point of Connection 

with the Existing System to Operate as a Siphon. 

Now why a siphon? 

As a pressure pipe it would have meant tunneling through 4,000 
ft of rock, which, from the 1925 tunnel experience, is seamy and un- 
reliable rock with water troubles. To follow the hydraulic grade with 
open cut would have required a sloping trench, 20 ft deep at the start 
and 40 ft deep at the Vacuum Building, and would have necessitated 
the removal of better than 20,000 cu yd of ledge. 

Mr. Kennison and Mr. Camp agreed with the author that the 
Portland Water District could safely construct the conduit as a siphon 
at a saving of probably a half million dollars. 

Therefore, the decision was made to run a 54” conduit level 
through the 1868 cut to the end of the old conduit, and there we could, 
in a distance of 782 ft, drop 26.25 ft to give us the downstream leg of 
the siphon. The elevation of 255 for the invert was chosen as repre- 
senting the lowest level with the least amount of bottom-ledge re- 
moval. We installed 54” Lock Joint pipe, bar type, in 16-foot lengths, 
designed for 22-in. vacuum and 20 ft of cover over it. The 54” size 
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was chosen on Mr. Kennison’s advice, as in a siphon it is desirable to 
have velocity, in order to scrub the air along with the water and mini- 
mize the chances of air binding. 

For air removal, 480 ft of 66” pipe were inserted at invert eleva- 
tion 255, just ahead of the down leg, or discharge leg, of the siphon 
at Station 74 + 06.95, which would give a 12” air chamber on top, 
from which by vacuum pump air could be exhausted, so as to main- 
tain a full 54” pipe. 

The contractor used a 2'4-yard Northwest backhoe or drag line. 
He first removed the 741- and 30-foot tunnel sections by drilling and 
blowing in two levels, leaving a third level until he came along with 
the pipe laying. Then he started at the valve-chamber end, since that 
would be laying pipe uphill. Here he found the worst conditions of 
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soft, wet clay with horizontal, water-bearing sand layers. After ex- 
cavation, he placed 12 to 18 in. of crushed rock and sand mix to grade, 
placed the pipe, and then tamped sand and gravel around the pipe up 
to the spring line. Thereafter, sand was put in to cover the top of 
the pipe and several feet of spoil were added to hold the pipe down. 

Backfilling was in three stages—first the initial fill, and after 
several weeks the bulldozing of about another 10 ft of fill, and again in 
October backfilling to the top. This, with the rain of 1951, gave good 
compacting of the fill. 

In following the line of the old conduit, we dug it out and were 
surprised at the good brick-work. In places we even had to use dyna- 
mite to break it apart. Of course, our pipe level was about the level 
of the bottom of the conduit, and therefore this bottom had to be 
taken out. At the same time we also found wood sheeting, used during 
the construction of the 1868 conduit, in very fine condition, good and 
sound. As we approached the ledge ridge, we got into the open ledge 
cut and naturally followed it. The contractor at times had to trim 
off the sides of the rock cut, in order to get sufficient room, and at other 
times, where he found a high spot in the bottom, he had to take it out, 
as the specifications called for a clearance of at least 6 in. between 
ledge and pipe. On top of the ledge a combination of sand and crushed 
rock was put in as a bed and the pipe laid on top of this to grade, and 
then again backfilled with sand on the sides and top. Later the spoil 
was put on, except for very large rocks. 

In the ledge cut the contractor used the Northwest as a drag line, 
trenching out the fill and blown rock. He used a tractor crane on the 
side of the ditch to place the gravel; then the pipe to instrument grade; 
then the sand for tamping to the spring line; and sand cover over the 
pipe. While again trenching with the drag line, the crane continued 
with backfill. 

He ran into the trouble of getting the water out of the trench and 
had to use the Portland Water District’s Moretrench jet pump down 
in the trench on top of the laid pipe, to force the water over the sides 
of the trench. 

At one time the contractor had just finished laying six lengths 
of pipe when a very heavy shower came up in the evening. The next 
morning he found this 54” pipe floating. He generally closed the end 
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of the pipe with a steel plug and did not have time to backfill on top 
of the pipe. The rain water going into the trench floated the pipe up, 
and he had to re-lay this pipe the next day. Thereafter the contractor 
was very careful to get about four feet of backfill on top of his pipe 
after laying. 

There were delays due to the wet 1951, and the job was stopped 
2,000 ft shy of finishing in November of 1951. The contractor had to 
come back in 1952 and made his closure with the screen chamber on 
July 3, 1952 (see Fig. 4). We salvaged 11,764 yd of ledge cut made in 
1868 and 1878 by rebuilding in this location. 


4—C.osinc Piece or 54-IncH Conpuit To ScrREEN CHAMBER. 
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4. The Vacuum Building. 

The vacuum building has a basement and a sub-basement. The 
66” pipe goes through the sub-basement, and from this pipe a vertical 
24”-tee connection allows for a 12” riser, similar to a barometric con- 
denser leg coming back to a header, onto which are connected vacuum 
pumps. Electrical control was installed, using floater arrangements to 
maintain the water level in the 66” pipe, so as to have approximately a 
6” air space as a minimum and a maximum of a 12” air space at the 
top of the pipe. The level of the floats would determine which vacuum 
pump would run to evacuate air. In this manner we proposed to main- 
tain the vacuum condition necessary in order to flow water through 
this 54” conduit as a siphon. 

Two to four feet of concrete fill on top of ledge formed the floor 
of the second basement, on which the 66” pipe rested. The substruc- 
ture was finished in the fall of 1951 and the superstructure was built 
under a tarpaulin house during December, 1951, and January and 
February, 1952. This allowed for the installation of the piping, fittings, 
pump, and electrical work during the spring of 1952. 


5. The Valve Chamber. 


The valve chamber is a 26’ x 26’ concrete vault to house the valves 
controlling the 54” conduit and 30” and 42” tie lines from this loca- 
tion to the chlorine house. 

The pipe-laying contractor started the 54” conduit one pipe length 
away from the valve chamber. Another contractor took care of the 
construction of the valve-vault foundation, which had to be taken out 
of ledge. Thereafter the pipe-laying contractor came back and in- 
stalled the pipe, the 54” x 48” reducer, a 48” x 48” x 36” x 24” cross, 
and fittings, together with the valves (see Fig. 5). On the 48” run two 
48” valves were installed, one on the lake side of the cross and the 
other on the Portland side of the cross. This Portland-side valve will 
at a future date control a line going through a Venturi meter and 
chemical control house, and feeding a 60” line going to Portland. On 
the left-hand side of the cross facing Portland, a 24” valve was in- 
stalled and that was connected to the 30” cast-iron pipe installed in 
1902. On the right-hand side of the cross a 36” valve supplied a 42” 
pipe, leading to the 42” installed in 1912. These 30” and 42” pipes 
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feed into the header at the chlorine house, 2,000 ft away, putting water 
into the transmission mains. 


‘1G. 5—VALVE INSTALLATION AT PORTLAND ENpD or 54-INCH CONDUIT. 


After the pipe contractor finished the fittings and valve arrange- 
ment inside of the valve-vault foundation, the building contractor con- 
structed the sidewalls and roof during November, December and 
January, as we desired to have this equipment housed, to prevent 
damage to these large valves. He had to build his structure underneath 
a tarpaulin house. This valve vault was designed to have three feet 
of dirt on top of the roof, so that the valve house need not be heated. 
It has a small sentry type of entrance leading down into the vault. 


Testing. 


At the end of July, 1952, we were ready to begin filling the conduit 
and testing. First, water was pumped into the forebay, to allow for 
adjusting and testing the sluice gates. Then we tested the Link-Belt 
screens. 

After that we were ready to open the screen chamber to the lake 
water, and on August 4, 1952, the 2” bypass valve in the steel bulk- 
head of one of the 60” intake pipes was opened and flooded the forebay 
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to lake level. On August 6, a diver went down in the forebay and re- 
moved the bolts, braces and gaskets, and by tilting could remove the 
59-in. steel bulkhead plate, to allow the full 60-in. opening to the lake. 

With sluice-gate control, we were able to allow a flow of about 
12-in. depth through the 54” conduit to a blow-off at the valve cham- 
ber, to wash out the pipe. Thereafter, we allowed the conduit to stand 
under lake pressure for several weeks, as further curing and sealing 
of the conduit, maintaining a flow by partially opening the blow-off. 

We had adjustments to make on the Link-Belt screens and then 
we were ready to test. 


Vacuum Test. 


The maximum vacuum head available was brought about by hold- 
ing the screen chamber backbay at elevation 251 +, while holding the 
water level at vacuum building in the 54” conduit at 260.44, and thus 
creating a difference of 9.4 ft or 8.3 in. of mercury. We held this 
for several hours. 

To make sure that air could enter the 6,000 ft of 54” pipe, we 
next drew the water down to 257.75 ft of elevation, or 234 ft of water 
inside the 414-ft diameter of the 54”, thus exposing the upper half of 
the conduit to air. The afterbay water level was at 250.99, or a differ- 
ence of 6.67 ft or 6 in. of mercury, which level we held for 12 hours. 


Priming Test. 


An important operational test was to see if we could start this 
conduit flowing, should the conduit have been out of operation and the 
lake be at its low level of 257.7. We made this test by first creating a 
water level of 257.5 throughout the conduit and in the afterbay at the 
screen chamber. We then started the vacuum pumps. These pumps 
withdrew air from the conduit and in so doing raised the water within 
the conduit. This water had to be supplied through the sluice gates, 
by allowing water to go into the afterbay but still maintaining the level 
in this afterbay below 257.7. After an hour and 20 minutes, one pump 
shut down because the water level had reached its float control, and 
four minutes later the second pump shut down with the conduit full of 
water. Thereafter we opened the blow-off valve at the valve chamber, 
to make the water flow, and it did flow from a level of about 255 in the 
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afterbay and through the conduit, maintaining its own vacuum of 
4 in. We therefore successfully primed the siphon and made it operate. 


Final Connections. 


After this we had several valves to install and connections to 
make, to cut the 30” and 42” pipes to the chlorine house, so as to cause 
water from this new 1951 intake to flow through the master meter at 
the chlorine house. On October 1, 1952, we first turned water from 
the lake through this new intake into the Portland Water District's 
system. For three days we ran the two intakes in parallel and there- 
after shut down the 1925 intake, and from then until July 8, 1953, this 
conduit carried the full demand of the Portland system, including the 
maximum load ever experienced—a rate of 40.5 mgd on July 7, 1953. 
The only drawback is the 2,000-ft tie feed between the valve chamber 
of the new intake and the transmission header at the chlorine house, 
with one 42” supplying a 42” transmission line and one 30” supplying 
a 48” transmission line. We had a loss of about 31% lb in this 2,000- 
ft line. At some future date this will be corrected by the construction 
of a new 60” transmission line to Portland, fed directly from this con- 
duit, in which case the tie lines can be shut off and the two systems 
will feed independently, but in parallel, and will join by a tie line at the 
Portland-Westbrook boundary. 

It is interesting to note the change of the pressure-vacuum rela- 
tions in the operation of the siphon at the vacuum building by follow- 
ing the 40-mgd rate through the steps of varying lake levels: 


Flow rate Lake elevation Pressure or 
(med) vacuum (ft) 
40 268.7 (high lake) 4.5 (pressure) 
263.5 (average ) 1.0 (vacuum ) 

257.7 (normal low) 6.5 (vacuum ) 


60 257.7 (normal low) 13.0 (vacuum ) 
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MINERAL CHARACTERISTICS OF MAINE WATERS 


MINERAL CHARACTERISTICS OF MAINE PUBLIC 
WATER SUPPLIES 


BY RAEBURN W. MACDONALD* 


[Read September 28, 1953.]} 


The minerals of Maine have throughout the state’s history inter- 
ested a great many people in various stations of life, from the Indian, 
through the colonial and nineteenth century miners down to the pros- 
pector and hobbyist of today. While the water chemist is not repre- 
sented in any of these groups, even though it could be said he is often 
searching for minerals, it is perhaps fitting that he does not fall into 
these categories, for he rather hopes he will not find an appreciable 
quantity of mineral, an attitude contrary to that of the other group. 

From the standpoint of the hobby group, who are for the most 
part, at least to some degree, students of geology and are searching 
for surface deposits, regardless of ore quality, to provide specimens 
only, the entire state proves very interesting. The hobbyists’ sup- 
porting data, besides a knowledge of geology, are the experience of 
commercial miners in the region, detailed geological and topographic 
maps, and perhaps the most vague, but most romantic, source of in- 
formation, consisting of legends, which are innumerable. Most of them 
stem from the days when the Indian, having come into possession of 
firearms, found himself in need of bullet metal and, forced to provide 
his own, located deposits of ore from which he could extract lead over 
a wood fire, and the legends always provide fabulous percentages of 
silver. Such are the stories that have started hunts for, among others, 
the mine on Olamon Stream, which, according to legend, provided lead 
for Baron De Castin and his Tarratines; the “fishing brook” mine near 
Hartland; and the lead mine in Aroostook County, possibly at Musqua- 
cook Mountain, from which, tradition says, the United States troops 
and the Maine Militia during the Aroostook War were supplied with 
lead, regardless of the diverse opinion of some cynics that the red men 
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traded with the British troops in New Brunswick to obtain the metal 
and simply resold to the American garrison. Legends of gold strikes 
are similar, but less frequent, and iron appears scarcely at all. 

Those interested commercially have recently done some explora- 
tion in parts of Maine, notably in Aroostook County by the Bureau of 
Mines, and other groups have had another look at Katahdin Iron 
Works and the lead mines of Washington County. In the past, the 
mines never were get-rich-quick projects for their owners, but they 
were paying businesses over a period of time. The era immediately fol- 
lowing the Civil War was especially prolific in such mining, as the 
shortages were great and the large desposits in the west were not yet 
open. 

The water chemists’ entrance to the field is comparatively new. 
It is of course unnecesary to point out, especially to this gathering, 
the vast dissimilarity of these prospectors to the chemist dealing with 
water-supply problems. Even the incentive is different and, if there is 
anything in common, it is the simple truth that each keeps in the back 
of his mind certain geological facts that pertain locally. Most of the 
water supplies within the state have not shown a degree of mineraliza- 
tion before entrance to pipelines which justifies or requires treatment 
to rectify. The bulk of the exceptions occurs in comparatively small 
supplies, where, up to the present time, finances have not made possible 
much treatment to improve water quality. Of the damage occurring 
from mineralization, that done by water hardness unquestionably takes 
first place. In view of the foregoing, the work of the water chemists 
to date has been more or less on a basis of collection of information, 
rather than planning and execution of treatment. 

However, since this is a meeting of the water-supply fraternity, 
we should stay closer to the water-supply field and confine ourselves to 
the identification of minerals which predominate in the surface and 
ground waters of Maine, as indicated by the analysis of drinking-water 
samples. From the results, for purposes of this paper, median figures 
have been generally selected and, as in all work of this sort, more in- 
formation would be desirable, but in only one or two cases is there an 
actual shortage of data and certainly enough exist to define water 
quality as to domestic supply desirability and industrial utility. 

In discussing the chemical quality of waters, the terms “large 
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quantity” or “small quantity” are used on a state-wide basis of com- 
parison only. For the benefit of those unfamiliar with the use of 
median values, they are the values in a series which have an equal 
number of higher values and of lower values in the series. They are 
often used in work of this sort rather than averages, as they are not 
so much affected by one out-of-line quantity. Generally speaking also, 
the values used are from public water-supply analyses, since, except 
under special circumstances, private supplies are not subject to com- 
plete mineral investigation. 

The geology, geography and other factors affecting water quality 
differ enough from one section of Maine to another so that a general- 
ization on a state-wide basis would be rather confusing. Accordingly 
the geology of water supply will be viewed section by section. These 
sections, as they will be considered, can, for convenience, be defined 
by the following geographical areas: the Aroostook Watershed, which 
takes in the valley of the St. John River and its tributaries, and is so 
called because Aroostook County comprises the bulk of the area; the 
Coastal Section, which includes the area paralleling the coast to a 
depth of 30 to 50 miles and much of the basin of the St. Croix River; 
and the Interior Section, which comprises the drainage basin of the 
Penobscot River, the Kennebec, Androscoggin and Saco River drain- 
ages, excluding the coastal belt previously described, these basins be- 
ing combined and discussed as one, as the geographical and water- 
quality facts in respect to this paper seem to dictate. 

First, let us look at the northernmost section, the inhabited por- 
tion of which lies chiefly in Aroostook County. This region is basically 
a rather flat plateau, relieved by river courses, such as the St. John and 
the Aroostook, and by an occasional sharp elevation of volcanic origin. 
The generally flat topography has created many bogs and cedar 
swamps, which have the usual effect on the water quality of many of 
the county’s streams. The geological formations are, for the most 
part, limestones, slates and shales, overburdened with glacial drifts 
and clays. This bedrock is compact, in the case of slates and shales 
fine-fissured, and is a poor yielder of water; hence the greater portion 
of the supplies is drawn from surface waters. Characteristically, the 
ground waters of this area are harder and more highly mineralized than 
surface waters. The outstandingly mineral-bearing area of the region 
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is the hematite area, roughly in the Presque Isle-Limestone-Fort Fair- 
field triangle, where the content of magnesium and calcium is excep- 
tionally high, as Maine waters go. Hardness of water in this area 
runs well above that to be expected in any other region. 

The ground water of the Aroostook region is high in calcium and 
magnesium, the average calcium content for the county being about 
38 ppm against 8 ppm for the state at large, while the high for the 
region is 64 ppm against a general maximum of 32 ppm; the mag- 
nesium median for Aroostook is 11.5 ppm compared to a 1.6 median 
for the state, with a regional high of 15 ppm. The average sulfates 
are about four times as high, at 32 ppm with a maximum of 47 ppm, in 
Aroostook as in the remainder of the state, and the chlorides three 
times as high with 9.0 ppm median and 17.0 ppm maximum. That 
nitrates are present in approximately the same average value for this 
area as a whole as for the entire state will come as a surprise to many, 
who are well aware that many wells in Aroostook are exceedingly high 
in nitrates, due to percolation of surface water carrying local con- 
tamination from fertilization. There is little or no evidence of fossil 
nitrates presented by examinations. This fertilization is also, no doubt, 
the cause of high chlorides, although this could also be due to presence 
of chlorite schist in some areas. Other minerals fall moderately below 
the state average or median in quantity present in the water. 

In surface waters the ratios are similar. The Aroostook waters are 
harder—43 ppm to 18 ppm, with one source running to 156. Again the 
St. John Basin waters are well above the state median in content of 
calcium, magnesium, sulfates and chlorides. The calcium ratio is 19 
ppm to 3 ppm, with 30 ppm a maximum, and that of chlorides is 4 
ppm to 2 ppm, with a 17-ppm high. Nitrates have a similar story in 
surface water to that of ground water, except that the surface-water 
ratio to that of the remainder of the state is higher. On the basis of 
median figures, the surface-water ratio is 0.1 to 0.06 ppm and the 
ground-water figures are even up at 0.15 ppm, but the maximums in 
each case are somewhat different, with a 2.5 ppm to 0.30 ppm ratio 
in surface waters and a 3.0 ppm to 1.5 ppm ratio for ground waters. In 
considering these figures, it should be remembered that analyses of 
water supplies have been used for comparison, that these supplies ordi- 
narily are purposely taken from areas of comparatively low cultiva- 
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tion, and that private wells, often necessarily in highly fertilized 
localities, run much higher in nitrates than these figures show. A 
study of this type of well, limited to the farming area of Aroostook, 
would also show the ratio of nitrates in their waters compared to the 
state at large much higher than that of these public supplies. Content 
of other minerals in St. John Basin waters is roughly similar to medians 
of Maine in general. 

The other extreme from the St. John Basin, geography-wise, is 
the coastal belt, which can be considered as a strip parallel to the 
coast, about 40 miles wide. The eastern part of the region includes 
much of the area adjacent to the lower St. Croix. Geologically, most 
of this coastal belt had its origin as ocean bed, rising from the sea 
after the last glacial age, subsequently being cut and eroded by streams 
rising inland, until it is now a region of irregular topography with hills 
rising away from tide water and from the beds of major rivers. Bed- 
rock formations are chiefly granite and stages of sedimentary rock. 
East of the Penobscot the region is still heavily forested, while the 
west side is somewhat more agriculturally developed and many areas 
support sizeable towns. There are many bogs along this coastal belt 
and, as a consequence, much of the surface water and some of the 
percolation water, at the start, are fairly aggressive. 

However, the only two really outstanding positive features of both 
ground and surface water in the area are, as might be expected, the 
high content of chlorides and the high content of sodium, other min- 
erals being present in only about normal quantities. The sodium me- 
dian for the coastal area is 2.80 ppm and for the state in general, 1.6 
ppm. Chlorides, in this case coming from marine sources, either an- 
cient deposits or precipitated with rain from air currents, rather than 
from agricultural activity as in Aroostook, bear a 5.0 ppm to 2.2 ppm 
ratio for surface waters and a 6.0 ppm to 3.5 ppm ratio for ground 
water. 

Here again it should be remembered that the statistics apply gen- 
erally to public supplies only, as these are the only sources on which 
there are complete data. Chlorides, however, are established on all 
water samples coming into the laboratory and a great many private 
water supplies are found to run much higher in chlorides than the 
maximum in public supplies, represented by 17.0 ppm for ground 
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water and 17.0 ppm for surface supplies. Almost universally, as pre- 
viously mentioned, these very high chlorides occur due to marine de- 
posits, as this is an area which was once covered by salt water, gradu- 
ally rising in elevation after being relieved of the weight of the ice 
sheet. High chlorides in surface supplies are due in part to occasional 
marine deposits which have been contacted, but mostly to winds, fogs 
and precipitation, moving in from the sea and depositing chlorides 
where they reach water supplies. 

Perhaps the strangest feature of the waters of this coastal belt is 
the failure of those from east of the Penobscot to show any more lead 
than other areas of Maine, when the mineralization of the area is pre- 
dominantly lead-silver pyrites, these compounds being not only pre- 
dominant but in heavy concentrations. Lead with silver as a by- 
product has been mined at many places throughout the eastern area, 
among them Cooper, Lubec, Cherryfield, Sullivan, Blue Hill, Goulds- 
boro and Harrington. 

Probably a predominant factor in this relation is chance and the 
fact that most wells are isolated from heavy lead-bearing points. It 
might be added that most of the known heavy concentrations of lead 
ore have been fairly shallow and that here again the concern is with 
public supplies, private supplies not being examined to reveal this 
type of lead. 

The remaining area, the interior, comprises the extreme upper 
Saco Basin, the upper Androscoggin, Kennebec, Penobscot and St. 
Croix Basins above the coastal belt, thus forming a roughly triangular 
area, including, approximately, the counties of Oxford, Franklin, 
Somerset, Androscoggin, Kennebec, Piscataquis and Penobscot. In 
this area the western portion is predominantly of granite bedrock, 
with an over-burden of gravel and sand with some glacial till, while 
from the east the mother rock of the Aroostook region and of New 
Brunswick—shales, slates and schists—extends westward to meet the 
granites. Topography-wise, a comparatively high region of consider- 
able relief tapers from the northwest into a region of fairly uniform 
topography, interspersed with low rolling hills. Natural waters of the 
region are soft and considered to be low in mineral content, when 
judged in comparison with other waters, but strike very close to a state 
median when only Maine is considered, the variation in general being 
only a small percentage of the median. 


MINERAL CHARACTERISTICS OF MAINE WATERS 


The most interesting feature of water analyses in this area is the 
mineral content of waters along the junction of metamorphized sedi- 
mentary with the igneous rock, which is more or less along a line 
wandering from near Merrymeeting Bay, north of Bath, northerly 
across the state, passing west of Moosehead. Such areas are notably 
rich in minerals and a tracing of high-mineral waters in this area will 
fairly well define the junction of rock types. With samples on each side 
of this strip running generally close to the median, a belt of specimens 
is found in which iron content runs up to 16 times as high as the me- 
dian, with lead and copper showing a roughly corresponding ratio. 

In one case, a supply coming from a semi-wilderness lake has an 
outstanding concentration of iron and lead, and an investigation of the 
mapping of underlying rock strata shows a joint between two rock 
ages, running through the lake. Many such conditions have turned 
up in regard to minerals—notably iron, which in certain combinations 
is well distributed, but its solubility depends much on water condition. 
Many of these mineralizations are easy to explain and in other cases 
the explanation is not readily apparent. In what is now the flowage of 
the Long Falls reservoir on Dead River, just above the village of 
Flagstaff, a tiny stream entering the river was always a characteris- 
tically ferric red and the natives explained it by saying the rust was 
from “one of Arnold’s abandoned cannon,” for this was along the 
route of Benedict Arnold’s ill-fated march to Quebec. 

Thus it appears that, except in the Aroostook area, where hard- 
ness causes considerable damage to water supplies and other mineral- 
izations are responsible for some nuisances, together with some in- 
stances throughout the state where compounds of iron and coloring 
matter exist in water, the state is fairly fortunate in its available 
water supplies. There are also several instances, fairly well dispersed, 
of a rather high manganese-iron total. Their worst faults, however, are 
the highly corrosive nature of some of the surface waters prior to treat- 
ment and the fact that, for certain sensitive industrial uses, some of 
them are high in organic coloring. However, generally speaking, both 
the surface and ground waters are satisfactory for all ordinary do- 
mestic and industrial uses and, best of all, are present in great 
abundance. 
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MANUFACTURE OF PLASTIC PIPE 


BY BRIGHAM BRITTON* 


[Presented Sept. 29, 1953.] 


The Carter Products Corp., now “Carlon”, of which I was Presi- 
dent, purchased the first plastic extrusion machine, to my knowledge, 
made as such in this country. It was purchased from the National 
Rubber Machinery Manufacturing Co. of Akron, Ohio, with the idea 
of making our fortunes in extruding plastic table edgings, to replace 
the shortage of aluminum edgings brought on by the advent of World 
War II. 

We were the second people in the country to go into the commer- 
cial extrusion of thermo-plastic materials; the first being a company 
which made its own first machine. It is questionable which had the 
easier time, because nobody knew anything about the extrusion of 
plastics—a problem a great deal different from the extrusion of rub- 
ber materials, from which the technique was developed. 

For the next five years, we learned as’ much as we could about 
the extrusion of plastic materials with varying success. Toward the 
close of the war, Carter Products accomplished something which 
had not been done heretofore—that is, running plastic tubing to close 
enough tolerances to have feasible commercial applications. We pro- 
ceeded to do this in increasing proportions to other people’s specifica- 
tions. We, for instance, found ourselves making tubing for a chemical 
company to run corrosive liquids through, under which plastic would 
stand up and do a job that steel would not. We made a great many 
tubes for a plastic fly spray and we got into the manufacture of poly- 
ethylene film, mostly in tube form, which was widely used in the pack- 
aging industry. 

In the year 1947, we heard that the soft-coal industry had a 
terrific problem in pumping water from their mines, in order to keep 
them from flooding. To me, an interesting figure is that for every ton 
of coal taken from the mines of this country, seven tons of water are 
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pumped out. This piping of water from the coal mines had been for 
years a tremendous source of business for the manufacturers of steel 
pipe, because in a great percentage of coal mines the presence of sul- 
phurous acid causes steel pipe to corrode out in a very short time. I 
have heard of an actual case where a miner dropped a monkey wrench 
in a pool of water in the mine and, when he came back for it several 
days later, nothing was left but the wooden handle. 

It occurred to us that polyethylene, from which we were manu- 
facturing sheet, might very easily go a long way toward solving the 
corrosion problem of pipe in the bituminous mines of this country. We 
therefore persuaded the Pittsburgh Consolidated Coal Co. to put 
2,000 ft of polyethylene pipe in each of three mines, where they had 
an extremely bad sulphur condition. Last year the superintendent of 
the first mine, in which we put this pipe, told me that the original 
2,000 ft were still there—5! years later—and that he would have re- 
placed steel pipe during that period at least ten times. The result was 
instantaneous. We found ourselves furnishing coiled pipe even in 
mines without a sulphur condition, because of its light weight, and 
because it could be easily and inexpensively installed in the narrow, 
winding corridors of coal mines. 

We were in business to an extent of which we had never dreamed. 
Plastic pipe was in the coal mines to stay. Unfortunately for us, it 
stays too long, because, while there are many coal mines, it was not 
too long before we found that we ourselves and the many competitors 
who developed were literally putting plastic pipe (in our case, Carlon 
“FE” pipe) in almost every mine in the country, and much of the same 
pipe that was put in during a period of three or four years is still there 
and will continue to be there for many years more. The few replace- 
ments necessary are caused by rock falls and the like, and the ex- 
pansion of the mines themselves. This is, of course, a substantial busi- 
ness, but it does not annually begin to compare with the amount of 
steel pipe that was lost by the steel companies. 

You will recall that in the late ’40’s both steel and copper were 
in terrifically short supply. This short supply gave us the opportunity 
more easily to get plastic pipe tried in farm water systems, for jet 
well installations and the accompanying water systems. The ease of 
laying, lack of scale and the corrosion-resistant capabilities of plastic 
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pipe were easily proved on their own merits, and we have heard some 
figures that today, on sizes under 2”, plastic pipe sales are accounting 
for 20% of the total pipe footage sold. This may account for the fact 
that one of the giants of the steel industry has recently acquired a 
small plastic-extrusion company and gone into the production of 
plastic pipe, a product at which they laughed five short years ago. 

The extrusion of plastic pipe and plastics in general, after the 
bugs are once worked out, is a relatively simple operation. Plastic 
materials of the correct formulation and color are placed in a hopper, 
and plastic granules are fed by gravity into the plastic extruder, which 
is basically a steel cylinder, 2 to 6 ft long, with an inside diameter of 
one to ten inches. The cylinder is heated electrically, by steam or by 
oil to a temperature, depending upon the plastic being extruded, of 
300° to 600° Fahrenheit. Inside the cylinder is a screw, similar to an 
auger, which turns, forcing the plastic out through a die. The material 
is immediately cooled by air and water and is pulled off continuously 
by means of pullers, of which there are many designs. The basic diffi- 
culty in plastic extrusion is the die design and it is in the design of the 
die and take-off that most of the “hush-hush” and secret rhubarb of 
the plastic extruder is wrapped up. Plastic extrusion is not positive 
like metal extrusions and the size of the aperture is usually larger than 
the finished product, as the speed with which the material is pulled 
away by the puller is also a determining factor in the size of the fin- 
ished product. It is necessary, however, to have a separate die for 
almost every size of pipe which is run, although some small variation 
in tube size may be run from the same die. 

Plastic-extrusion machines vary in output, depending on the size 
of the cylinder, from a production rate of 50 lb an hour up to more 
than 1,000 lb per hour. To run a variety of sizes of pipe, it is necessary 
to have rather a complete range of machines, in order to produce a 
complete line of pipe and other extrusions. To operate an extrusion 
plant efficiently, it is necessary to run 24 hours a day, as the heating- 
up of an extruder and getting a good production run going often take 
several hours. We operate our plants 24 hours a day and 6 days 
a week. 

In getting into the pipe business, we found that it was not eco- 
nomical to ship pipe very long distances, as the freight rate in ship- 
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ping pipe is considerably greater than in shipping raw materials and 
you are also shipping a great deal of air when you ship plastic pipe. 
With our business expanding over the country, we found that the 
limit to which we could ship pipe and absorb the freight was about 
1,000 miles. Therefore, we are now operating five plants throughout 
the country at various locations, in an attempt to give the best pos- 
sible service. It has been our hope that larger stocks in the jobber’s 
hands would go a long way toward effecting this. After all, this is his 
prime responsibility. To do the jobber full justice, plastic pipe does 
take up a good deal of space and space costs money. However, plastic 
pipe is becoming more and more a regular commodity item and jobbers 
are taking it further into consideration, as far as adequate stocking 
of the material is concerned. 

One of the principal bug-bears of stocking flexible plastic pipe is 
its poor resistance to ultra-violet rays. It should be protected from 
sunlight exposure for any long period of time. Polyethylene, which is 
the basic ingredient of Carlon EF and of other flexible pipes, is par- 
ticularly susceptible to the effects of the sun’s rays. The only known 
means of combating this is by the addition of carbon black, properly 
dispersed into the material, so that each particle is shaded. This is not 
an easy thing to accomplish effectively. You may have noticed that in 
our advertising we say that Carlon EF pipe is pure polyethylene, 
processed for further improvement. In our Texas plant all poly- 
ethylene which we use is put through a special machine, to accom- 
plish this dispersion. Incidentally, this machine, so far as we know, 
is unique in the plastics industry. We do add certain other ingredients 
at this time, but the main reason for doing it is to accomplish carbon- 
black dispersion as cheaply and as effectively as possible. 

To take a mild crack at competition, it is amazing to us to see 
that several of our competitors are producing pipes that are colored 
grey, green or bronze. This pipe is perfectly good, so long as it is not 
subjected to sunlight and of course, in many instances, it is not, but if 
it is, it is subject to rather rapid deterioration, as ordinary pigmenta- 
tion accomplishes little more than leaving polyethylene in its natural 
state. In its natural state the material will show a sharp deterioration 
in a few weeks’ constant exposure to sunlight. 

This use of carbon-black dispersion for good sunlight resistance 
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is a fact that has been established by duPont, Bakelite Corp. and Im- 
perical Chemical Industries of England, which are at this time the only 
producers of raw polyethylene. Perhaps the most complete studies 
of carbon-black dispersion were made by Bell Laboratories for the 
Western Electric Co., which uses polyethylene for wire-cable cover- 
ing. We think that our carbon-black dispersion is now the best in the 
business and we hope to improve it, so that our pipe can be exposed 
to sunlight for a period of years without serious deterioration. 

With the advent of plastic pipe came, of course, the necessity 
for the production of the necessary fittings to go with it. When we 
started in the pipe busines, we knew that fittings had to be furnished, 
but we had no conception of the variety and number required. Fit- 
tings are made by injection molding, a process very similar to die cast- 
ing. They can be made in quantity rather inexpensively, after a rather 
heavy investment in molds has been made. We have about $200,000 
invested in molds at this writing and we realize that we shall have to 
invest a great deal more, before we have a complete line. Service con- 
nections, according to most authorities, at the street need metal con- 
nectors. Several companies have developed a bronze fitting for this 
purpose. 

The plastic pipe, about which I have been speaking, has mainly 
been polyethylene pipe, the flexible pipe. This to date has been the 
pipe that has seen the widest use and probably accounts for as much 
as 80% of the plastic pipe sold today. It will certainly continue to 
play a major role in plastic-pipe manufacture. However, pipe manu- 
factured from other materials, such as acetate butyrate, styrene copoly- 
mer materials and rigid poly-vinyl chloride, are also used. The latter 
two materials will play an increasingly important role, because of 
greater tensile strength and resistance to corrosion from the stronger 
acids and alkalies. They have applications in chemical and food 
processing, as well as water- and gas-service lines, and in the oil 
fields for gathering and lead lines and salt-water disposal. While these 
materials are of somewhat greater tensile than polyethylene, they 
must certainly still fall into the category of low-pressure pipes. 

A great deal of work, as you may know, is being done with 
plastic-reinforced Fiberglas. So far, this has not been too successful. 
In small-sized pipe it is considerably more expensive to manufacture. 


| 
a 


216 MANUFACTURE OF PLASTIC PIPE 


The thermo-plastic pipe currently used, of course, can stand reason- 
ably high pressures in small sizes. The two principal techniques em- 
ployed in the manufacture of reinforced pipes are winding the glass 
and polyester resin around the mandrel and then curing it by heat. 
The other method generally used is centrifugally to cast the mass in a 
rapidly rotating steel tube. One of the difficulties in the latter method 
is that the heavier glass goes to the outside of the rotating mass, with 
the result that much of the resin does not get the benefit of reinforcing, 
and under pressure actual separation between these two zones of ma- 
terial has occurred. 

We, at Carlon, are striving in several directions to broaden the 
range of our piping products. We are spending a lot of money at it 
from a research standpoint. We have to do so. At the last count we 
have, in the good old healthy American tradition, about 40 competitors 
breathing down our necks. Plastics in pipe have two main reasons 
for being—corrosion resistance and ease of installation. The main 
stumbling blocks are cost, particularly in the larger sizes of pipe, low 
tensile, limiting its use to low-pressure applications, and its tempera- 
ture limitation—one case specifically, its inability to stand hot water. 


I wouldn’t mention these obvious drawbacks of plastic pipe if I didn’t 
think that we were making strides in the right direction. Like the Air- 
plane, Plastic Pipe is here to stay. 


ALLEN M. SYMONDS 


EXPERIENCE WITH PLASTIC SERVICE 


BY ALLEN M. SYMONDS* 


PIPE 


[Read September 29, 1953 


It is undoubtedly true that water-works men are the most con- 
servative group in the world when it comes to introducing any new 
material for plant construction. They come rightfully by this con- 
servatism because of the very nature of a water-works system. As we 
all know, the most costly part of the plant, the distribution system, is 
buried underground, and this situation naturally results in high cost 
of labor in proportion to the total cost involved. It is generally con- 
sidered that the best of material, regardless of cost, is none too good. 
In adopting material for underground construction, it is the ultimate 
desire of engineers to use material which will last forever. Just con- 
sider, for instance, what it would mean to the city of Boston with its 
paved streets, cement sidewalks, underground structures and continu- 
ous traffic, if it had to replace its system once in, say, every 50 years. 
Before introducing any new material, we may well take account of 
stock and see what has been past experience with service-pipe instal- 
lation. 

In my observations of numerous water companies, I find a sim- 
ilarity of material used during different periods in past years. Plants 
constructed during the late 1800’s very frequently used lead pipe for 
services. Our predecessors undoubtedly believed lead to be the most 
durable metal available at that time and their judgment appears to 
be reasonably good. 

The original Milford, Mass., water-works plant was constructed 
in 1882 and the service installations were of lead pipe; 687 of these 
are still in service. They are now gradually failing and will have to 
be replaced within the near future. The Grafton, Mass., Water Co. 
plant, built about 1890, originally had all lead services. In 60 years, 
these have all been replaced because of failure of the lead pipe. 

The next material to meet the approval of our forefathers was 
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galvanized iron. Experience has shown that in most waters this pipe 
tuberculated, became filled up and rusted through within a life-span 
of about 25 years. In 1920, cement-lined steel and wrought iron pipe, 
along with brass pipe, became popular for service construction, and 
there are many original installations of cement-lined pipe in use to- 
day. Brass pipe in most waters throughout New England proved un- 
satisfactory, due to chemical action of zinc, one of the components of 
brass pipe. 

The process of cement-lining steel and wrought-iron pipe has been 
greatly improved and two water companies on Cape Cod, with which 
I am affiliated, are now using cement-lined steel pipe as standard con- 
struction. Most plants with which I am familiar, however, have been 
using copper tubing for service-pipe construction since about 1930. 
To the best of my knowledge, this has proven a very satisfactory ma- 
terial for service-pipe installation. However, we must admit that its 
use does not date back very far into history and troubles may develop, 
of which we are not now aware. 

History plainly tells us that, with the exception of copper tubing, 
metal pipe, used for service construction, has its limitations and will 
not last into eternity as we should like to have it. I have not men- 
tioned cast iron, since its characteristic, structurally, does not permit 
its use for small service installation. Cast iron, however, has stood 
the longest test of time and comes the nearest to a forever-lasting 
material among those now in use for water-works construction. 

In presenting what information I can on the use of plastic for 
service-pipe construction, I am indebted to my former employer, the 
American Water Works Co., which commenced experimenting with 
plastic pipe in 1951. At that time, the use of copper and steel was 
being restricted to those having priority, and on one knew how serious 
these restrictions might become. Since that time, the subsidiary com- 
panies of the American Water Works Co. have installed 2,150 plastic 
services—149 of which are in New England. They are all constructed 
of Carlon WS plastic pipe with bronze fittings. 

The pipe now being used is a flexible polyethlyene, which is joined 
to standard copper tubing or iron pipe fittings by the use of bronze 
adaptors and stainless steel clamps. Original installations were made 
with a thinner-walled pipe, called Carlon EF and with plastic adaptors. 
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The adaptors in several instances failed, due to settlement or traffic 
concussion, and the pipe split at the joint. This situation was remedied 
by increasing the wall thickness of the pipe by 50% and using bronze 
adaptors. 

The original clamps were stainless steel, but with a screw and 
clamp body of a different material. This quickly corroded and it be- 
came obvious that general failure would result. Although the clamp 
appears to be still in its experimental stage, the ones now being used 


are 100% stainless steel and so far have shown no indication of cor- 
rosion. 


Plastic pipe will not stand hot water, and becomes very soft and 
pliable at temperatures of 270° F. It also becomes very brittle at 
20° F. At the usual water temperatures of 45° to 60° F. it should 
prove satisfactory as far as flexibility is concerned. 


I have with me a recent report of Martin Flentje, chief research 
engineer for the American Water Works Co., and also individual re- 
ports from the managers in New England, who have used Carlon pipe. 


A summary of their experiences is as follows: 


1. There have been no failures of the plastic pipe of the type 
now being used. 
2. No trouble has been experienced with the bronze adaptors. 
3. Difficulty has been experienced with the metal bands, which 
clamp the pipe to the adaptors, the trouble being in the nature 
of stripped threads on the screw, or a broken band. Experi- 
ments are now being made with a so-called Bandit Tool. 
4. Plastic pipe is a non-conductor and therefore can not be 
thawed by electricity. This has brought objections from pros- 
pective users in the colder climates. 
The pipe has to be carefully laid, as it is subject to crushing 
or cutting if laid in a rocky trench and carelessly handled. 
The pipe does not uncoil and stay put like copper, but is 
springy, and men have to stand on it to hold it down until par- 
tially back-filled. All made the comment that the pipe is being 
used experimentally and its limited period of use does not 
permit an honest opinion of its value for water-works con- 
struction. 
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In conclusion, I wish to make a few final remarks as to how it 
looks to me:— 

The clamps shown here undoubtedly would be satisfactory for 
above-ground construction. Offhand they look flimsy for a permanent 
job underground. The pipe is reported to be inert chemically and not 
subject to corrosion or pitting. It does appear to be structurally weak, 
as compared to iron or copper, and in this connection I wish to refer 
to history and again consider lead pipe. 

You who have had occasion to place a pressure gauge on various 
locations of your system have noticed the constant fluctuation of the 
needle. This, of course, is due to water surge, caused by varying con- 
sumption or action of pumps. On a service line, this surge is quite 
violent when a faucet is opened or a toilet is flushed. The action of the 
needle on a pressure gauge might well be compared to a heart beat. 
This constant throb or pulsation can in time tire out a material such 
as lead pipe. Invariably lead pipe is expanded where a crack occurs 
and it finally gets tired and lets go. Plastic pipe has elasticity, which 
lead or copper does not have, and may be able to cope with this pulsa- 
tion for years beyond anything yet experienced. If, however, the pipe 
should change in its characteristic and become brittle, failure might 
result, as in lead pipe. 

I feel that plastic installations have merit and plan to install a 
few experimentally in plants with which I am associated. If our fore- 
fathers or we ourselves had not experimented with lead, galvanized 
iron, brass, cement-lined and copper tubing, we should not now be 
aware of their comparative merit. 

If a satisfactory clamp can be selected, I suggest that several 
plastic services be installed experimentally as a calculated risk in the 
medium- and larger-sized plants. It is recommended that these be 
installed in outlying districts and where the pressures are 100 lb or less. 
This will give those following us in the water-works profession an 
opportunity to profit by our experience. 
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NEW YORK’S QUEST FOR INTERSTATE WATER 


BY KARL R. KENNISON* 


[Read September 30, 1953.) 


New York City’s search for an adequate water supply has crossed 
State borders more than once and in that, as well as other respects, its 
problem has somewhat resembled Boston’s. After the first 100 years 
of the primitive central-well stage and another 100 years of the 
primitive bored-log-pipe stage, the first real supply worthy of the 
name was planned by Colonel DeWitt Clinton, consisting of an 
aqueduct from the Croton River to a reservoir on Murray Hill, at the 
present site of the New York Public Library at 42nd Street and 5th 
Avenue. This was completed in 1842, five years before Boston cele- 
brated its first delivery of water from Lake Cochituate to the Frog 
Pond on the Common. 

Recognition of the need of a substantial increase and a long look 
into the future by both these large cities came just before the turn of 
the century, and was furnished by two prominent engineers, well- 
known honorary members of this Association. In March, 1900, after 
seven months of intensive study, John R. Freeman showed New York’s 
need of at least 500 mgd and indicated several sources from which it 
could be obtained, the most economical of which was the Housatonic 
River, across the State line in Connecticut. Two years previously, 
Frederic P. Stearns had initiated the water-district idea in recom- 
mending that Boston and surrounding communities combine and get 
their supply by building Wachusett Reservoir on the Nashua River. 
The fact that this interstate stream flowed for a short distance through 
Nashua, N. H., was not of sufficient importance at the time to cause 
any difficulty in making the diversion and the adoption of the Nashua 
source determined the policy that Boston has since followed, of reach- 
ing continually westward for upland supplies. New York, however, 
concluded not to risk the interstate complications that would certainly 


* Chief Engineer, Board of Water Supply, 120 Wall St.. New York 5, N. Y. 


‘Sy 
= 
a 


222 NEW YORK’S QUEST FOR INTERSTATE WATER 


have resulted from a diversion from the Housatonic River, and finally 
the Burr-Hering-Freeman report in November, 1903, set up the pat- 
tern that has since been followed by New York City: first, the rein- 
forcement of the Croton system by the Catskill system and next, a 
further extension by the Delaware system. 

Altogether there were eight years of intensive preliminary investi- 
gation and public education, which finally bore fruit. In 1904 the 
State constitution was amended to place capital expenditures for 
water supply outside the municipal debt limit. In 1905 the Board of 
Water Supply was created as the City’s agency for constructing ad- 
ditions to its water supply and the State Water Supply Commission 
(now the Water Power and Control Commission) was created as a 
regulatory body. 

The first Chief Engineer of the Board of Water Supply, appointed 
August 1, 1905, was J. Waldo Smith, a past president and honorary 
member of this Association. He assembled a unique engineering or- 
ganization that has set a standard for the efficient promotion of pub- 
lic works of great magnitude. He was succeeded June 1, 1922, by 
Thaddeus Merriman, also an honorary member of this Association, 
but continued acting as Consulting Engneer. They completed the 
Catskill system which, as shown on the accompanying map, Fig. 1, 
brought water from the Schoharie Reservoir via the Shandaken tunnel, 
and from the Ashokan Reservoir via the Catskill aqueduct to Kensico 
Reservoir and to Hill View Reservoir, thence distributed via City 
Tunnel No. 1 under the Bronx, Manhattan and the East River to 
Brooklyn, and thence by pipe lines to Richmond. The first delivery 
of Catskill water from Ashokan Reservoir was December 27, 1915, 
and from Schoharie Reservoir, February 9, 1924. Even before the 
latter date the Board realized the necessity for immediate studies for 
an additional supply. Under Mr. Smith’s direction, all possible sources 
within 200 miles were studied. The investigation resulted in a report 
by Department Engineer Walter E. Spear, also a member of this As- 
sociation, dated November 9, 1923, as follows. 

“The Delaware River and its tributaries above Port Jervis, together with 
adjacent streams of the Hudson River basin, all on the westerly and southerly 
slopes and foothills of the Catskill Mountains, are nearer to the City than 


any other source of equal capacity and are sufficiently high for gravity delivery 
to the City. Compared with the supply just considered from the streams 
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wholly within the Hudson River basin, it will be shown that a supply from 
these sources would be cheaper, softer and in the end much larger, so that, 

aside from the difficulties and delays that may be encountered in acquiring 
" interstate waters, these Delaware River sources afford the best opportunity 
for developing a large and satisfactory supply of water for New York City.” 


Finally, the Board submitted its plan for the Delaware supply 

. to be developed in three stages, for a total of 600 mgd (200 less than 
the 800 mgd now being sought). After five months’ consideration, it 

was approved by the Board of Estimate in January, 1928, and sub- 

mitted for approval to the State Water Power and Control Commis- 

sion. Approval was given May 25, 1929, but not until after the State 

of New Jersey, on May 13, started action in the U. S. Supreme Court 

to prevent New York from diverting any water from the Delaware. 


THE First DELAWARE RIVER CASE 


This case was practically coincident with, as well as very similar 
to, the Massachusetts-Connecticut case. The Special Master in the 
Connecticut case, Charles W. Bunn, Esq., was appointed December 2, 
1929, and submitted his report May 19, 1930. The Special Master in 
this first Delaware case, Charles N. Burch, Esq., was appointed Janu- 
ary 27, 1930, and submitted his report February 2, 1931. The opin- 
ion of the Court was delivered in the Connecticut case by Mr. Justice 
Butler on February 24, 1931, and in the Delaware case by Mr. Justice 
Holmes on May 4, 1931. Both decrees, which followed shortly after- 
ward, authorized the diversion of the interstate water. Boston was al- 
lowed the full amount sought, but New York’s allotment was reduced 
from the 600 mgd applied for to 440 mgd. 

The conduct and outcome of these cases is a well-known matter 
of record, particularly to members of this Association. Frank E. Win- 
sor, a past president and honorary member of the Association, was 
Chief Engineer of the Metropolitan District Water Supply Commis- 
sion at the time, and Thaddeus Merriman had succeeded Mr. Smith 
as Chief Engineer of the New York Board of Water Supply, as above 
stated. The September, 1931, issue of the Association’s JouRNAL pub- 
lished papers by each of these distinguished engineers which, together 
with their discussions, covered the entire field in masterly fashion. The 
opinion of the Court in the Connecticut case concluded briefly as 
follows: 
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“Drinking and other domestic purposes are the highest uses of water. 
An ample supply of wholesome water is essential. Massachusetts, after elab- 
orate research, decided to take the waters of the Ware and Swift rather than 
to rely on the sources in the eastern part of the Commonwealth where all are, 
or are liable to become, polluted. We need not advert to other considerations, 
disclosed by the evidence and findings, to show that the proposed use of the 
waters of the Ware and Swift should not be enjoined.” 


In the Delaware case, Mr. Merriman’s paper brought out clearly 
the various principles applicable to water diversion: the riparian doc- 
trine and its modifications as practiced in the Western states, the 
doctrine of appropriation, interstate compacts as recently promul- 
gated, and the doctrine of equitable apportionment. In delivering the 
opinion of the Court, Mr. Justice Holmes stated: 


“We are met at the outset by the question what rule is to be applied. 
It is established that a more liberal answer may be given than in a controversy 
between neighbors members of a single State. Connecticut v. Massachusetts, 
February 24, 1931. Different considerations come in when we are dealing with 
independent sovereigns having to regard the welfare of the whole population 
and when the alternative to settlement is war. In a less degree, perhaps, the 
same is true of the quasi-sovereignties bound together in the Union. A river 
is more than an amenity, it is a treasure. It offers a necessity of life that must 
be rationed among those who have power over it. New York has the physical 
power to cut off all the water within its jurisdiction. But clearly the exercise 
of such a power to the destruction of the interest of lower States could not be 
tolerated. And on the other hand equally little could New Jersey be per- 
mitted to require New York to give up its power altogether in order that the 
river might come down to it undiminished. Both States have real and sub- 
stantial interests in the River that must be reconciled as best they may be. 
The different traditions and practices in different parts of the country may 
lead to varying results but the effort always is to secure an equitable apportion- 
ment without quibbling over formulas.” 


Following the unavoidable delay caused by the court case, and 
as soon as the decree favorable to New York was handed down, work 
was started on the construction of the first stage of the Delaware sup- 
ply. This Delaware System is delineated in plan and profile on Fig. 1, 
which shows the location of the reservoirs and tunnels and their rela- 
tion to the earlier Catskill and Croton Systems. 


THE DELAWARE SUPPLY—THREE STAGES 


The first stage includes Neversink Reservoir, with a capacity of 
35 billion gallons, impounding the run-off from 93 sq mi drainage area 
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of the Neversink River, which is tributary to the Delaware River just 
below Port Jervis. The main dam is a rolled-fill earth dam, 195 ft 
high, 2,820 ft long, with a flow line at elevation 1,440 ft above mean 
sea-level. From this reservoir a tunnel, 10 ft in diameter and 5.5 miles 
long, diverts the water through the divide into the City’s Rondout 
Reservoir. Dissipation of energy due to the difference of 600 ft in the 
reservoir flow-line elevations was necessary at the tunnel outlet. To 
accomplish this a power plant was constructed, and will be operated, 
by the Central Hudson Gas & Electric Corp. under a 50-year agree- 
ment, which will compensate the power company for certain diversion 
damages. 

The first stage also includes the Rondout Reservoir, created by 
the Merriman Dam, a rolled-fill dam, 195 ft high and 2,400 ft long, 
with flow line at elevation 840. It impounds about 49 billion gallons 
from 95 sq mi drainage area of Rondout Creek, a tributary of the 
Hudson River. Rondout Reservoir will serve as a receiving basin for 
the planned diversions from the Delaware basin. The water is brought 
to New York City through the Delaware Aqueduct, a deep tunnel of 
the unprecedented length of 85 miles, roughly paralleling the older 
Catskill Aqueduct. This tunnel required 32 construction shafts at 26 
locations, three of these, including No. 6 at the Hudson River crossing, 
being equipped as emergency unwatering shafts. The West Branch 
Reservoir, which was originally constructed as tributary storage in the 
Croton System in 1895, is utilized as an equalizing basin on the Dela- 
ware Aqueduct, water entering at the northerly end from uptake 
Shaft 9 and leaving the reservoir at the southerly end through down- 
take Shaft 10. A by-pass tunnel connecting those shafts permits direct 
delivery from Rondout to Kensico, if desired. 

In normal operation, the Delaware Supply is delivered into 
Kensico from uptake Shaft 17, located on the easterly side of that 
reservoir. Here the water is mixed with Catskill water and receives 
further natural purification from storage. Leaving Kensico at down- 
take Shaft 18, the tunnel continues westerly to uptake and downtake 
Shafts 19, where an area is provided for filter beds if required in the 
future, and then southerly to Hillview reservoir. A by-pass tunnel 
under Kensico reservoir between downtake Shaft 17 and uptake Shaft 
18 permits the elimination of that reservoir and delivery directly to 
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Hillview if necessary. Water from Kensico is delivered into Hillview 
reservoir through both the Catskill and Delaware aqueducts and 
thence to City Tunnels Nos. 1 and 2, Hillview being the last equalizing 
reservoir before reaching the centers of consumption. 

This entire first stage of the Delaware Supply, as above described, 
is now completed, except for miscellaneous details of buildings and 
operating works at the various control chambers. As far back as 
April 5, 1944, a run-of-the-stream diversion of the Rondout Creek 
was obtained by means of a temporary connection in Shaft 1 of the 
Delaware aqueduct. Storage in the Rondout Reservoir was first drawn 
upon in June, 1951. Although, as above stated, the reservoir will hold 
49 billion gallons, it was not allowed to fill last spring on account of 
certain items of construction work yet to be completed. Impounding 
in the Neversink Reservoir was started June 1, 1953. 

The construction of the second stage of the Delaware supply is 
well advanced and will be completed in about two years. It should be 
ready for storage in another year. This second stage consists of 
Pepacton Reservoir on the East Branch of the Delaware River and 
the East Delaware Tunnel, which diverts the water to Rondout Reser- 
voir. The reservoir is created by the Downsville Dam, a rolled-fill 
earth structure, 204 ft high and about 2,450 ft long, with flow line at 
elevation 1,280. This reservoir has an available capacity of 143.5 bil- 
lion gallons and will impound the runoff from 372 sq mi drainage 
area of the East Branch of the Delaware River. The East Delaware 
Tunnel to Rondout Reservoir is 11'-4” in diameter and 25 miles long. 
Dissipation of energy, due to the difference of 440 ft in the reservoir 
flow-line elevations, will be accomplished by a power plant similar to 
that described above at the outlet of the Neversink Tunnel and built 
and operated under a similar compensating agreement with the Rock- 
land Light & Power Co. 

The third stage of the Delaware project is materially different 
from that originally proposed. The inadequacy of the limitation of 440 
mgd, imposed by the Court’s decree of May 25, 1931, to meet the 
growing demand by the City was so apparent that on January 6, 1948, 
the Board established the New Sources Division with a Board of Con- 
sulting Engineers, headed by the late Roger W. Armstrong, a former 
Chief Engineer of the Board of Water Supply and a member of this 
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Association. The entire field of possible new sources was thoroughly 
studied and a recommendation adopted, enlarging the third stage of 
the Delaware project by substituting a single development on the West 
Branch of the Delaware for several smaller developments on other trib- 
utaries. As now proposed, the third stage of the Delaware supply con- 
sists of a reservoir, created by a dam located about 4 miles downstream 
from the hamlet of Cannonsville, and a tunnel about 45 miles long to 
Rondout Reservoir. The Cannonsville Reservoir will have an available 
capacity of about 91 billion gallons and will impound the runoff from 
450 sq mi drainage area of the West Branch of the Delaware River. 
The proposed flow line is at elevation 1,150. The application now be- 
fore the Supreme Court of the United States seeks the right to increase 
the diversion from the Delaware from 440 mgd to 800 mgd. 

The water-supply situation in the latter half of 1949 was so acute 
that emergency measures appeared necessary. Accordingly, a tem- 
porary pumping plant was built near Chelsea, Dutchess County, N. Y. 
The plant is equipped to chlorinate heavily and deliver 100 mgd of 
Hudson River water into the Delaware aqueduct through the 48-inch 
diameter riser pipe, which was a part of the original construction of 


Shaft 6. This project received prompt approval by the New York State 
Water Power and Control Commission and was built in record time. 
To date, the pumps have been operated only for test and maintenance. 
The Commission, in granting its approval stated: 


“Such use shall be permitted only during the present water supply emergency 
of the City for the period prior to the final completion of the present con- 
struction work in connection with the development by the City of the Dela- 
ware River and its tributaries and the availability of such water for use in 
the City, and in no event beyond January 1, 1957, at which time the plant 
must be completely abandoned and the equipment in it removed, unless upon 
further application by the City to this Commission, it can be shown that 
emergency conditions do exist and the Commission will extend this date.” 


To supplement the plan and profile on Fig. 1, the operation of the 
entire system is shown diagrammatically by Fig. 2, which traces the 
actual distribution for the year 1952 from the sources to the points of 
delivery. 

The accompanying chart, Fig. 3, shows graphically the develop- 
ment of New York’s sources over the years, and how these stages in 
the development of the Delaware supply are required to meet expected 
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needs and to provide a reserve. At best such a reserve can hardly be 
called adequate. The development of these sources is also shown in 
concise tabular form as follows: 


Continuous safe yield in mgd available in 
Source 1905-9 1917 1924-7 1944-6 1951 1954 1956 


Long Island 
Municipal 140 140 140 
Private Companies 30 30 30 
Croton 300 300 300 
Richmond 10 10 10 
Bronx-Byram 10 10 10 
Via Catskill Aqueduct 
Ashokan Reservoir 300 300 
Schoharie Reservoir 200 
Via Delaware Aqueduct 
Rondout Reservoir 
Neversink Reservoir 
Additional by new 
petition 
Pepacton Reservoir 
Additional by new 
petition 
Cannonsville Reser- 
voir by new peti- 
tion 


490 790 990 1,055 1,120 1,250 


New YorkK’s CONSUMPTION NEEDS 


Figure 3 gives a comprehensive picture of the growth of New 
York’s water-supply needs. There are two interesting points to note 
in a comparison of this situation with that in Boston: (1) New York’s 
problem cannot, on account of its magnitude alone, be matched any- 
where else, the current rate of consumption being about 6 times that 
of the entire Boston Metropolitan District with its 23 cities and towns. 
(2) New York has almost from the beginning been in a nip-and-tuck 
race to develop new sources to meet its needs and has never had a com- 
fortable, or even a reasonably adequate, reserve. In contrast, the last 
major addition to the Boston supply multiplied the safe yield by 
about 234. 
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The tense situation which has recently existed in New York is 
well illustrated in the chart. Interstate litigation, the depression of the 
1930s and World War II so delayed the City’s construction program 
that the safe yield of its sources was less than the consumption in each 
of the last seven years, except in 1950 and 1951, when the consump- 
tion was temporarily reduced by a drastic conservation campaign, 
necessitated by the critical water shortages in 1949 and 1950. 

In a city like New York the question of metering and waste pre- 
vention is a very live one and is largely a matter of economics. Much 
is being done by the City’s operating Department of Water Supply, 
Gas and Electricity to detect and correct wastes, and increasing ap- 
propriations for that purpose are sought annually. Contrary to some 
widely circulated opinions, New York is not an extravagant user of 
water, as shown by the following statistics for the year 1952 for nine 
of the largest cities of the United States. The total supply for all pur- 
poses, expressed in gallons per capita per day, is as follows: 


Chicago 229 
Cleveland (incl. suburbs) 194 
St. Louis 187 
Philadelphia 165 
Baltimore 163 
Los Angeles 154 
Detroit (incl. suburbs) 150 
Boston 141 
New York 136 


The writer has had many occasions in the past to make estimates 
of water consumption and the effect of metering and is forced to the 
conclusion that the effect in reducing the consumption is largely tem- 
porary. Undoubtedly there is some degree of permanency, and this is 
reflected in the statistical information and estimate for the future 
shown in the accompanying chart, Fig. 4. This shows a general over- 
all trend which points to an annual increase of 0.5 gpcd in spite of ups 
and downs (plus or minus 7%), which vary with business conditions 
and the extent of which cannot be predicted with any certainty. On 
that account, in making plans for major water-supply works, the 
planning and construction of which may require at least 15 years, we 
must consider the upper limit of this band which represents the un- 
certain variation in the rate of consumption. Our estimates compare 
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favorably with those recently shown in other published reports as 
follows: 


FutTuRE CONSUMPTION IN GALLONS PER CAPITA PER DAy AS 
EsTIMATED BY VARIOUS AGENCIES 


Engineering Incodel New York 
Panel on report Dept. of 
Water Supply of Pirnie, Water Supply, New York 
(Mayor’s Albright Gas and Board of 
committee ) & Friel Electricity Water Supply 
1950 1951 1952 
1960 160 152 157 
1970 (163) 160 163 
1980 167 165 169 
1990 (171) 168 174 
2000 175 170 179 


As indicated on the chart, the past record of New York City’s 
ups and downs in per-capita consumption shows that the upward trend 
has been at a somewhat higher rate—namely, about 0.7 gpcd per year 
—and that the ups and downs are within a band with a width of as 
much as 20 gpcd, or plus or minus 10 gped. 

In projecting this into the future it has been assumed that this 
trend will decrease after 1960 to 0.6, and after 1980 to the same gen- 
eral trend as indicated by the average of all the nine large cities— 
namely, 0.5 gped per year. 


ESTIMATED POPULATION AND CONSUMPTION 


Approx. gal per 
capita per day Consump- Supplied 
Population Quantity tion by to outside Total 
of Average that must New York communi- consump- 
New York of ups and be prov- City ties tion 
City downs vided (mgd) (mgd) (mgd) 


1950 (Actual) 7,892,000 121 950 29 979 
1960 8,366,000 147 157 1313 50 1363 
153 163 1432 80 1512 
159 169 1556 105 1661 
164 174 1670 125 1795 
169 179 1782 145 1927 
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THE INCODEL PLAN 


No discussion of the current problems involved in New York 
City’s water supply would be complete without a reference to a com- 
prehensive plan of developing the water resources of the entire Dela- 
ware River Basin which has been proposed by the Interstate Com- 
mission on the Delaware River Basin, referred to as “Incodel’. In 
the development of this plan the Commission retained Malcolm Pirnie, 
a member of this Association, of New York, and Albright & Friel of 
Philadelphia, whose report was published in August, 1950. Their 
recommendation involved a Tri-State compact between New York, 
New Jersey and Pennsylvania. The plan was designed to take care 
of water-supply needs distributed as follows: — 


For New York City, in addition to the 440 mgd from diversion 
works already under construction on the Neversink River and 
the East Branch of the Delaware River, as permitted by the 


Northern New Jersey Metropolitan District ................ 420 mgd 
Southern New Jersey Metropolitan District ................. 100 mgd 
Region between Easton and Philadelphia ................... 50 mgd 


1,730 mgd 


This was to be developed in two stages. The plan also provided 
for a considerable increase in the low flow to be maintained in the 
river. The ultimate goal set for the vicinity of Trenton, N. J., was 
4,800 cfs, of which 4,000 cfs was the aim of the first stage of the de- 
velopment. The principal features of the plan are shown on a map, 
Fig. 5. 

The first stage of the proposed Incodel development included the 
Cannonsville Reservoir for river regulation and the Barryville Reser- 
voir, the function of which was to make possible diversion at high-flow 
stages through a high-capacity tunnel to a storage reservoir on the 
Neversink River at Godeffroy. The Cannonsville Reservoir was 
identical with that now proposed by the City, except that the flow line 
was fixed 13 ft higher at elevation 1,163 and except that no delivery 
tunnel was necessary, as is the case with the City’s development. 
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Godeffroy Reservoir, which would have the very large storage 
capacity of 278 billion gallons, would be used to deliver water to New 
Jersey and New York through a pressure tunnel and to maintain cer- 
tain minimum dry-weather flows in the lower river. The tunnel, which 
would cross the northeasterly corner of New Jersey and terminate in 
Brooklyn, would be of varying diameter, would have an equalizing 
reservoir en route, known as Meyer’s Lake Reservoir, and could be 
tapped at any convenient shaft head. Wallpack Bend Reservoir would 
also be constructed under Stage 1 in connection with the delivery of 
water to Pennsylvania. This would be accomplished either by gravity 
through a tunnel or by pumping plant located on the main river at 
Yardley, a few miles above Trenton. 

The second stage would add Fish’s Eddy Reservoir on the East 
Branch and Flat Brook Reservoir on a tributary in New Jersey, and 
certain other regulating reservoirs, tunnels and pumping plants lo- 
cated in the vicinity of Philadelphia. 

In view of all the circumstances, it certainly is a fair assumption 
that Incodel, in spite of its many advantages, cannot now be considered 
a live issue. This is particularly true in view of the fact that Governor 
Fine of Pennsylvania on June 7, 1951, appointed a Water Resources 
Committee to appraise the Incodel plan. This Committee reported on 
February 7, 1952, rejecting the plan and stating that the future water- 
supply needs of the Greater Philadelphia area could better be accom- 
modated by the construction of reservoirs on tributaries of the Dela- 
ware River within Pennsylvania’s own borders. 

Furthermore, to put Incodel into effect required certain favorable 
action by all the three state legislatures. Although enabling acts were 
passed by New York and New Jersey, Pennsylvania failed to pass the 
necessary legislation and New York City could not further delay the 
extension of its sources. Accordingly, it made application on January 
30, 1950, to the New York State Water Power and Control Commis- 
sion for permission to construct the Cannonsville Reservoir on the 
West Branch of the Delaware. After lengthy hearings in the spring 
and summer of that year, the application was approved November 14, 
1950. 

The Commission’s approval was, of course, subject to the ap- 
proval of the United States Supreme Court. Its decree of 1931 limited 
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the diversion to 440 mgd, but provided that any of the parties in- 
volved could reopen the case and apply for a modification. That 
provision enabled New York to file its petition, requesting authoriza- 
tion of an additional 360, making a total of 800 mgd. 


THE CURRENT DELAWARE RIVER CASE 


The petition of April 1, 1952, by the City did not initiate a new 
case before the Supreme Court, but merely reopened the first case 
under a provision of the decree which stated: 

“Any of the parties hereto, complainant, defendants or intervenor, may apply 
at the foot of this decree for other or further action or relief and this Court 
retains jurisdiction of the suit for the purpose of any order or direction or 
modification of this decree, or any supplemental decree that it may deem at 
any time to be proper in relation to the subject matter in controversy.” 


New York State filed its support of the City’s petition on April 
23. Pennsylvania and New Jersey opposed New York’s petition in an- 
swers which were promptly filed May 16 and June 2, respectively. 
The Citizens Budget Commission of New York City also on May 26 
asked leave to appear as amicus curiae, but this request was denied 
by the Court on June 2. 

On June 9, Kurt F. Pantzer, Esq., of Indianapolis, Ind., was ap- 
pointed Special Master to take evidence and report his recommenda- 
tions. 

The city of Philadelphia on December 15 moved to intervene and 
file an answer of its own. This was opposed by all three States in argu- 
ment before the Court itself on March 9, 1953, and that city’s inter- 
vention was denied in a finding handed down April 6. 

To determine when releases should be made, the original decree 
established two gaging points, to indicate when the natural flow drops 
below 0.5 cfs per sq mi, and the releases required were directed to 
maintaining that specified rate of flow at Port Jervis, N. Y., where the 
Delaware leaves New York State, and also at Trenton, N. J., the head 
of tidewater. The actual rate of release, however, was limited to a 
maximum of 0.66 cfs per sq mi of the area tributary to each point of 
diversion. 

The City’s petition of April 1, 1952, in addition to requesting an 
increase in the amount of diversion from 440 to 800 mgd, requested 
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that a new method of release be substituted, abandoning the two down- 
stream gaging stations as criteria in favor of stations to measure the 
natural flow at the diversion points themselves. The request was for 
a release formula of the type which had been proposed by Incodel, 
or specifically: that the rate of release at each diversion point be 50% 
of the mean annual runoff, as determined by observations covering 
the 13-year period 1928 to 1941, whenever the recorded rate of flow 
falls below that which is exceeded 90% of the time; and that the 
rate of release be 25% of the mean annual runoff, whenever the rate 
of flow is between that which is exceeded 90% and that which 
is exceeded 76% of the time; and that no release be required when 
the rate of flow is greater than that which is exceeded 76% of the 
time. Note that in any event the State Department of Conservation 
requires certain releases, in order to insure that the flow below the di- 
version dams does not drop below a specified minimum. 

In addition to the testimony in support of its petition, the City 
has filed an amended petition and has submitted supplementary testi- 
mony, involving an entirely new release formula, to take effect upon 
the completion of the already authorized second stage of the Delaware 
supply. This is the formula referred to in the press release of June 22, 
1953, quoted in the conclusion of this paper. 

From a practical standpoint, operation under this new formula 
would be greatly simplified, due to the reduction of a number of con- 
trol points to only one—namely, the existing gaging station of the 
United States Geological Survey at Montague, N. J. This station is 
located about 8% miles below Port Jervis and records the effect of all 
the City’s developments upon the flow in the main river, a feature 
which makes it preferable to the Port Jervis gage, which is located 
upstream from the mouth of the Neversink and hence does not record 
the flows from that tributary. If this new Montague formula were 
accepted, the City would maintain, within practicable limits, a flow 
in the Delaware River at Montague equal to 1,750 cfs, or approxi- 
mately 0.503 csm, except that at first, until the third stage with Can- 
nonsville Reservoir is completed, the rate to be maintained would be 
only 1,525 cfs, or approximately 0.438 csm. 

Furthermore, this new formula sets up a working relation be- 
tween the actual rate of consumption and the safe yield in a period 
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of drought. The fact that the supply is to be increased in major steps 
is well illustrated in Fig. 3. The consumption, on the other hand, in- 
creases more or less gradually, although at times erratically. As a re- 
sult, there is always a surplus supply after each new development is 
placed in operation until the rate of consumption catches up. The 
over-flow, or so-called waste, over reservoir spillways is always evi- 
dent, except in periods of drought, and furthermore is always neces- 
sarily excessive for a period of years after each new reservoir is added 
to any supply. The Montague formula would insure that as much 
of this excess flow as New York could safely permit would be released 
during the dry months of the year, when most needed in the lower 
river, rather than held back to be wasted in the following spring 
months without any material benefit to the river. 

This feature of the Montague formula would be accomplished by 
a provision that the City would annually estimate the consumption 
from all its sources during the next calendar year, not exceeding by 
more than 20 mgd that in any previous calendar year, and on this 
basis determine the anticipated excess over and above the safe yield 
of all its sources available without pumping, namely 1,355 mgd before 
the completion of the third stage, corresponding to an authorized di- 
version limited to 490 mgd, and 1,665 mgd after the completion. 
Eighty-three per cent of this annually estimated excess, but not more 
than 70 billion gallons, would be released from storage, to increase 
the above-stated minimum rate of flow to be maintained in the river 
at Montague during the dry months of the year, commencing June 15 
and continuing until October 15, or as much longer as such excess for 
release held out, with a limit of March 15 of the following year. This 
increase in the minimum rate of flow is determined by the provisions 
of the formula so that the additional benefit would, even in a very dry 
year, be spread over at least 120 days. 

Since the case is still pending before the Special Master and the 
Court, it is not appropriate to discuss further this Montague formula. 
The above is merely a statement of the facts as to its principal pro- 
visions. There are other features of the testimony which New York 
has introduced and these also, for the same reason, will not be dis- 
cussed. It will be sufficient at this time merely to list briefly the prin- 
cipal witnesses that have testified: 


For New York City: 


For State of New Jersey: 
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Irving V. A. Huie, President of the Board of Water Supply 

Henry Z. Pratt, Jr., Deputy Chief Engineer and head of the Re- 
search and Development Department 

Vincent G. Terenzio, Division Engineer in that Department 

Joseph B. Glancy, Biological Engineer 

Frank A. Marston, Consulting Engineer, a member of this As- 
sociation 

Bostwick H. Ketchum, Scientist in Charge, Woods Hole Ocean- 
ographic Institution 

and the writer 


Howard T. Critchlow, Chief Engineer and Director of the Divi- 
sion of Water Policy and Supply of the New Jersey Depart- 
ment of Conservation and Economic Development 

Arthur L. Sherman, Consulting Engineer 

Thomas S. Cassedy, Consulting Engineer 

Ezra D. Whitman, Consulting Engineer, a member of this As- 
sociation 

Sheppard T. Powell, Consulting Engineer 

Howard W. Acken, Supervising Engineer of the Delaware and 
Raritan Canal 

Herbert H. Smith of the New Jersey Department of Conservation 
and Economic Development 

Henry W. Peterson, Secretary of the South Jersey Port Commis- 
sion 

Leigh W. Merrill, District Chief Public Health Engineer of the 
New Jersey Department of Health 

Thurlow C. Nelson, Professor of Biology, Rutgers University 

Harold H. Haskin, Professor of Zodlogy, Rutgers University 


For the Commonwealth of Pennsylvania: 


J. Harry LaBrum, President, Chamber of Commerce, Greater 
Philadelphia 

Samuel S. Baxter, Water Commissioner, Philadelphia 

Samuel A. Greeley, Consulting Engineer 

Charles E. Ryder, Consulting Engineer 
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William Howard Corddry, Consulting Engineer 
Theodore R. Haseltine, Consulting Engineer 
Abel Wolman, Consulting Engineer 


The case involves many features which will be very interesting 
to the water-supply profession when the completion of the case makes 
it possible to discuss them. Formal hearings are scheduled to com- 
mence October 15. 


THE Hupson RIVER SOURCE 


Suggestions that have been made, that the New York Board of 
Water Supply abandon its proposed extension to the West Branch of 
the Delaware River and instead develop an additional supply pumped 
from the Hudson River, have a familiar ring, because the Boston 
Metropolitan District has faced the same problem. It has always been 
possible to pump a supply of ample quantity from the Merrimack 
River, only 25 miles from the State House in the heart of the Dis- 
trict, but the Commission, the Department of Public Health, and the 
Legislature, reflecting public opinion in Massachusetts, decided in 
favor of upland sources, relatively free from pollution, even though 
it might be somewhat cheaper to pump and filter and otherwise treat 
the river water, polluted by sewage and industrial wastes. 

It is fair to assume that the previous recommendation of the 
Special Master, the opinion and decree of the Supreme Court, the rul- 
ings of the State Water Power and Control Commission, and the 
recent findings of the Mayor and his Advisory Board have eliminated 
the Hudson River as a source comparable in desirability with the 
proposed available upland supply, but it still remains as a potential 
source and is receiving and will receive the full consideration of our 
Research and Development Department. 

The Hudson River has a close relation to the City’s water-supply 
problem in a section of the public mind and is a matter of considerable 
interest to this Association. On that account, the reasons for its recom- 
mended rejection deserve to be recounted in detail. 

The Hudson River had recent prominence as a possible source of 
water supply for New York City through a proposal made by Law- 
rence T. Beck, Consulting Engineer, and recommended to the Board 
of Water Supply February 15, 1950, by the Citizens Budget Commis- 
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sion. This proposal involved a dam or so-called barrage across the 
Hudson River near the City’s aqueduct crossings, raising the normal 
level to about three feet above mean high tide, thus cutting off tidal 
intrusion, and containing gates for a flood discharge of 300,000 cfs 
and navigation locks. This plan included low-lift pumps to a filtra- 
tion plant and high-lift pumps to force 500 mgd into the existing deep- 
rock tunnel section of the Delaware Aqueduct. 

The making of such a connection to the Delaware Aqueduct would 
require the unwatering of the tunnel and its complete shutdown for at 
least six months. This would be entirely impractical, due to the City’s 
need of Delaware and Rondout water. The construction of such a 
dam across the Hudson would involve many uncertain items of great 
expense and also indeterminate, but undoubtedly large, claims for 
damages all along the river upstream. The 4-track main line of the 
New York Central Railroad is located along the east bank with but 
little elevation above high water over most of its length and would be 
seriously affected. This proposal was promoted and fully discussed in 
testimony at the Board’s hearings in the spring and summer of 1950 
before the State Water Power and Control Commission, at Delhi, 
N. Y., resulting in an adverse decision. 

The Hudson River as a possible source for New York City was 
more effectively publicized through its recommendation by an Engi- 
neering Panel on Water Supply, which was engaged by a Subcommittee 
for Water Supply of the Mayor’s Committee on Management Survey, 
appointed January 10, 1950, to conduct a comprehensive survey of all 
city departments and agencies. The Panel was made up of four emi- 
nent consulting engineers, the Chairman being Thorndike Saville, a 
member of this Association. They presented a forceful argument that 
“Substantial economies may be achieved when the consumption be- 
gins to exceed the safe yield of an upland source derived from reser- 
voirs by developing an auxiliary source which may be used to supple- 
ment the upland source in those infrequent periods of severe drought 
when the regulated stream flow approaches the safe yield.” 

Briefly stated, the writer’s studies of the economics of the situa- 
tion indicated that, considering all phases that are necessary to put the 
estimates on a comparable basis and even neglecting a number of im- 
ponderables which weigh heavily against the Hudson River source, the 
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early cost differential in favor of the Hudson rapidly disappears and 
the two projects, compared on the basis of present worth, are just 
about equal in 35 years, with the Cannonsville Project on the Dela- 
ware gaining rapidly with the passing of time. 

The report of this Engineering Panel was made July 1, 1951, to 
the Mayor’s Committee on Management Survey and published under 
the caption ‘Future Water Sources of the City of New York.” The 
subsequent report of the Subcommittee itself was divided into a ma- 
jority report by four and a minority report by two of its members. 
It is important to note, however, that they all agreed that the City 
should continue the promotion of its petition before the Supreme Court 
for an additional early supply from the Delaware River. The majority 
report was passed along by the Mayor’s Committee and three of its 
recommendations were: “that the Board of Water Supply immediately 
engage a staff of independent consultants and engineers to undertake 
an impartial study and analysis of the Hudson River as a major water 
supply source other than on an emergency basis, . . . that the Board 
of Water Supply undertake the making of preliminary plans and esti- 
mates for a modern filtration and treatment plant designed to process 
the total water supply of the City, . . . that the Cannonsville project 
be carried forward by New York City.” 

On the other hand, the minority members of the Subcommittee, 
whose opinions finally prevailed, made special reference to recent 
findings made by the State Water Power and Control Commission, to 
which Commission the Board must in any event apply for approval 
of the development of any new sources. That Commission had called 
particular attention to the questionable character of the Hudson River 
source. 

The minority report of the Subcommittee also referred to a pre- 
viously expressed opinion of the Subcommittee itself: “We are not 
convinced that even the best water treatment technically available 
will satisfy the exacting requirements as to taste, quality and other 
imponderable and psychological aspects to which the public of this 
City is accustomed. Those who live here, and those who visit here. 
like our upland water. This is not an advantage enjoyed in other large 
cities which depend on heavily treated river or lake water.” 

The minority report concluded: “With such deference to the 
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ability and sincerity of our consultants, they do not, and perhaps 
should not, deal with certain realities which is the job of our lay Com- 
mittee. As to that I grant public opinion is reconciled to use of Hudson 
River water under emergency conditions, but respected opinions to the 
contrary, I am convinced that to advance the Hudson as a regular 
source of supply—even of limited scope and after being subjected to 
the safeguards under discussion—will engender dire psychological re- 
actions. Why create this condition, and to my mind be still taking 
serious chances with public health, when more upland sources are 
still available? Can we deny that if it were not for the much disputed 
dollar savings involved in the discussion, there would be no reason to 
consider the Hudson source at this time?” 

The Mayor’s Committee on Management Survey, after receiving 
these majority and minority reports of its Subcommittee for Water 
Supply, reported on April 9, 1952. Its recommendations followed the 
majority rather than the minority opinions as above expressed. How- 
ever, the Mayor’s Advisory Board of Management Improvement 
received the report of his Committee on Management Survey and on 
October 29 rejected that Committee’s recommendation for the employ- 
ment of outside consultants to study the Hudson River source. The 
Mayor concurred in this rejection and forwarded to the Board on 
November 7 the directive under which the Board is now continuing 
to promote its case before the Supreme Court for the extension of its 
sources to the West Branch of the Delaware River, while at the same 
time it continues its study of the Hudson River and the possible neces- 
sity of future filtration of the entire supply. In rejecting the Hudson- 
supply recommendation, the Mayor’s Advisory Board called attention 
to a number of pertinent considerations: 

First: “. .. It is the duty of the Board of Water Supply to ascertain 
the best sources for an additional supply of pure water. In fulfilling that 
duty, the Board is directed to make such studies and investigations as it 
may deem proper in order to ascertain the facts as to such sources. To that 
end the Board of Water Supply maintains a capable staff of engineers which 
has devoted many years to the consideration and development of sources 
for an additional supply of pure water needed by the people of the City. As 
a result of its studies the Cannonsville project on the West Branch of the 


Delaware was recommended by the Board of Water Supply and approved by 
the Board of Estimate and the State Water Power and Control Commission.” 
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Second: “The desirability of obtaining pure and wholesome water from 
upland sources has long been recognized. The Supreme Court of the United 
States in Connecticut v. Massachusetts, 282 U.S. 660, said, at p. 673: ‘Drink- 
ing and other domestic purposes are the highest uses of water. An ample 
supply of wholesome water is essential. Massachusetts, after elaborate re- 
search, decided to take the waters of the Ware and Swift (tributaries of the 
Connecticut, an interstate stream) rather than to rely on the sources in the 
eastern part of the Commonwealth where all are or are liable to become 
polluted.’ Later, in the case of New Jersey v. New York, 283 U.S. 336, 
respecting the diversion of waters from the upper Delaware by the City of 
New York, the Supreme Court affirmed the conclusion of the Special Master 
in that case that the higher quality of the waters of the upper Delaware and 
the advantage of gravity transmission warranted the City in tapping that 
source of supply.” 

Third: “The reasons for selecting upland water in preference to the 
practice of filtering polluted water are obvious. It has been known for many 
years that typhoid, dysentery and cholera are water-borne diseases. More 
recent knowledge points to the possible existence of many other diseases, 
such as viruses. It has never been demonstrated that viruses are removed by 
filtration of polluted water. The safe procedure is to avoid contact with 
sewage, since the direct introduction of sewage into a water treatment plant is 
a potential hazard to the welfare of the community. Even if the water be 
made bacteriologically safe, such drinking water is, nevertheless, a manu- 
factured product and is actually ‘purified sewage’ to a greater or less degree.” 

Fourth: They noted particularly a discussion in the September, 1931 
JourNAL of the Association by Solomon M. Swaab, Consulting Engineer, 
a witness for Philadelphia in the earlier court case: “Not alone to satisfy 
esthetic conditions, but also because of human frailties and because no 
mechanical apparatus can ever be said to be perfect, water used for domestic 
purposes should come from unpolluted rather than polluted sources. Purifica- 
tion processes have been so highly and exquisitely and scientifically developed 
as to permit water which has been repeatedly contaminated, purified and used, 
to be drunk with comparative safety, as far as we know. Undoubtedly, this 
is not as it should be. Like the process sometimes figuratively called ‘sitting 
on a volcano’, it is, or may be, fraught with extremely calamitous conse- 
quences. . . . No degree of treatment to which waters can be subjected can 
ever remove from them the taint lying in the fact that they have passed 
through the human intestinal tract and that, as they are delivered to the 
people, they have simply been reconditioned. This idea must necessarily be 
so revolting to the public taste and so gross a perversion of what, it is 
generally considered, the public is entitled to, that it must ultimately demand 
and receive’ water which has not been defiled. Undoubtedly, it is true, as 
Master Burch, in the Delaware River case, said, after hearing the testimony, 
that ‘The modern tendency is to obtain for municipal supply the purest water 
possible and to make this water better, and not to obtain less desirable water 
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and render it acceptable to treatment and purification, though insuperable 
economic conditions frequently compel the latter course’.” 

Fifth: They noted that the State Water Power and Control Commis- 
sion, approval of which is required on all plans for additional water supply, 
stated in approving the Board’s application for a temporary emergency 
supply from the Hudson near the Delaware Aqueduct crossing at Chelsea: 
“The physical and sanitary quality of the Hudson River water at this location 
(Chelsea) is unsatisfactory for continued domestic use. Its use as a supply 
of water for public consumption can be countenanced only because of the 
existing water supply crisis in the City and then only after elaborate treat- 
ment and adequate dilution with other waters from the City’s present up- 
land sources of supply. . . . If this application were made by the City for 
approval of the use of the Hudson as a permanent source of supply, it is 
very doubtful whether the Commission would approve of it even with the 
treatment now proposed.” 

Sixth: They noted that the Commission stated in approving the Board’s 
application for the additional supply from the West Branch of the Delaware 
River: “The City, by various expert witnesses it produced at the hearing, 
conclusively has shown to the satisfaction of the Commission that the plan 
proposed for use of the Hudson River would be uneconomical, the cost of 
construction of such a development, including damages caused thereby, 
greatly exceeding the cost of the project now proposed by the City, and the 
annual cost of the operation and maintenance of the Hudson River proposal 
much greater than that of the Cannonsville project. In addition, it has been 
shown that raw water from the Hudson River is far inferior in quality to 
that from the West Branch of the Delaware River and even if it were 
afforded complete and elaborate treatment, Hudson River water would still 
be of questionable physical character. The best sanitary engineering practice, 
and one adopted by the Special Master and the Court in New Jersey v. 
New York, 283 U.S. 336, is to obtain the purest water possible for a muni- 
cipal supply and to make this water better and not to obtain less desirable 
water and render it acceptable by treatment and purification.” 


As to the importance of public opinion, note that the Special 
Master in the Massachusetts-Connecticut case found that “Our gov- 
ernments in the long run are controlled«by public opinion. And while 
an expert on water, acting in a strictly professional capacity, may 
say that he will disregard public opinion, municipal and other govern- 
ments cannot take that stand.” The consideration of quality, together 
with public opinion on this point, is the crux of the entire matter, in 
spite of the fact which is generally admitted, and which is even urged 
by many competent and highly qualified engineers who have had 
much to do with water treatment, that it is possible, theoretically and 
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by the exercise of eternal vigilance, to convert polluted, even grossly 
polluted, water into a satisfactory and even an attractively clear and 
sparkling beverage. 


We must also consider that there are modern trends in the use of 
water by industries which discharge into already polluted streams, 
and in ever-increasing quantities constituents which produce tastes 
and odors very difficult to treat. Furthermore, there is a constant 
danger of mechanical breakdowns or personnel lapses, allowing the 
entrance of bacterial or chemical pollution. As recently as in 1952 
the press reported that a quantity of highly poisonous cyanide com- 
pound was accidentally spilled into the Delaware River, necessitating 
the frantically prompt shut-down of several water-supply plants with 
intakes from the river. 

It has not yet been proved that the most complete treatment 
and filtration, operating perfectly, are a complete defense against 
some insidious and dangerous viruses, to say nothing of such ac- 
cidental virulent poisoning as above noted. We do not need to en- 
visage an atomic war to appreciate the advantage of multiple, scattered 
upland sources, since we can expect industries along the larger rivers 
to discharge radio-active wastes in increasing quantities. 


Boston’s experience with long-term storage in upland reservoirs 
has demonstrated their efficiency in the destruction of bacteria, the 
bleaching of color and the settling and disposal of undesirable solids. 
In fact, although Boston, like New York, has contemplated the future 
necessity of filtration of the entire supply and has planned a definite 
site for such filters, the upland supply after storage continues to be 
of such excellent quality that filtration details have never reached the 
detail planning stage. 

The conclusion is inescapable that large coastal cities like New 
York and Boston, located near well-watered areas of rugged upland 
topography, are in a fortunate position, in so far as their ability to 
obtain raw water not grossly contaminated is concerned. They are 
simply lucky and are not in the market for a water supply from in- 
creasingly polluted sources. That is why New York is pushing its case 
before the Supreme Court and hopes for a favorable decree. 
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CONCLUSION 


Although, as previously stated, it is not appropriate to discuss the 
merits of New York’s case while it is still before the Special Master 
and the Court, attention is called to a statement regarding the litiga- 
tion, which was authorized by counsel for all parties to the case and 
released by Mayor Impellitteri June 22, 1953. The following quota- 
tions from this statement speak for themselves: 


“In August an inspection trip was undertaken by the Special 
Master, engineers and counsel for all the parties. This trip, lasting 
five days and including an inspection of the dams and works under 
construction on the Neversink River and the East Branch of the 
Delaware, extended the full length of the river down through the 
estuary to Wilmington. 

“During the ensuing months further pre-trial conferences were 
held, in the course of which exhaustive engineering studies and other 
data prepared by the Board of Water Supply of New York City were 
made available to all parties. The written testimony and exhibits 
representing New York City’s affirmative case were circulated among 
the other parties for study and preparation of cross-examination. 
Thereafter, extensive engineering studies made by the New Jersey 
and Pennsylvania engineers were exchanged. 

“As a result of these pre-trial conferences and the opportunity 
for studying the detailed proof afforded to counsel and engineers for 
the respective parties, the issues have been narrowed to a point where 
it is now possible for all parties to make certain recommendations to 
the Special Master. These recommendations should materially shorten 
the hearings and expedite the ultimate determination of the case. 
Accordingly, it has been agreed among counsel that the following 
proof shall be presented: 

“1. By New York City in support of its request to have the 
injunction limiting its withdrawal from the Upper Delaware modified 
to permit it to withdraw 490 million gallons daily instead of 440, 
pending the construction of a new reservoir at Cannonsville, and 
thereafter 800 m.g.d. These diversions are subject to the basic re- 
quirement that there must be released from the New York reservoirs 
on the Upper Delaware during the dry summer and fall months, water 
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sufficient to maintain the flow of the Delaware River at the gage now 
located at Montague, New Jersey, (a) at not less than 1,525 cubic feet 
per second, pending the completion of the Cannonsville project, (b) at 
not less than 1750 c.f.s. after the completion of the Cannonsville 
project There is also the further requirement that, in addition to these 
quantities, there shall be released 83% of the difference between the 
consumption of water by New York City and the total safe yield of 
New York’s entire water supply system without pumping. 

“(New Jersey and Pennsylvania have maintained that New York 
is exaggerating its future water supply needs. New York maintains 
that its estimate of future needs is a prudent one. However, the 
agreement to release 83% of any difference, so long as it exists, 
between the safe yield of New York’s entire system without pumping 
and its actual consumption gives to Pennsylvania and New Jersey 
for the improvement of the lower river in the summer and fall months 
the benefit of any excess in the claims New York is making.) 

“In consideration of the increased capacity of the lower basin 
resulting from the modified release formula thus offered by New 
York, New Jersey and Pennsylvania will not oppose the proposed 
diversions by New York.* 

“2. By New Jersey in support of its request to be permitted to 
divert 100 m.g.d. without obligation to release any compensating 
water. (This 100 m.g.d. would be diverted through the Delaware and 
Raritan Canal which has been in use, and through which water in 
varying quantities has been diverted, for more than 100 years.) 
Pennsylvania will not oppose this traditional use by New Jersey. New 
York State and New York City are not affected by the diversion 
through the Delaware and Raritan Canal. 

“New Jersey is to enact legislation which will remove the present 
legal obstacles to the erection of reservoirs by Pennsylvania on the 
main channel of the Delaware River. (Not yet enacted, before ad- 
journment of the 1953 session in June.) Such legislation is to provide 
that New Jersey may participate in the use of any storage dam erected 
by Pennsylvania to the extent of not more than 30% upon paying a 


* Editor's Note: An amended decree, granting New York's request for 800 mgd, was handed down by 
the U.S. Supreme Court June 7, 1954. 
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proportionate part of the cost of the reservoir, and that New Jersey 
agrees to exercise for Pennsylvania’s benefit and at Pennsylvania’s 
cost, the right of eminent domain to make possible the construction of 
storage or diversion dams across the river. 

“3. By Pennsylvania setting forth its estimated future water 
needs from the Delaware River basin, the various alternative methods 
by which its needs could be met, the present sources of water supply 
of the City of Philadelphia and the necessity for removing certain 
existing legal obstacles to the development of water works in the main 
channel of the Delaware for the use of southeastern Pennsylvania. 

“4. Pennsylvania insists, and New York and New Jersey con- 
cede, that the modified decree of the Supreme Court should continue 
its existing provisions that the takings by New York and New Jersey 
shall not be deemed adjudications in perpetuity of the fair and equi- 
table shares of New York and New Jersey of the water of the Dela- 
ware River and that no party shall be estopped from asking for a 
review of the terms of the decree to be entered. . . . 


“The capacity of the Delaware River during the periods of low 
flow will be substantially improved through the compensating releases 
which New York will be required to make. The proposed New York 
developments are so designed that the catchment of water for storage 
will take place primarily during flood flows and the releases to the 
lower river will occur during the dry months of summer and fall. 
The formula governing the New York works insures a timely and 
beneficial distribution of the water released to the lower river. 

“The removal of the obstacles to the construction of reservoirs or 
dams on the main channel of the Delaware will greatly expedite the 
building of any water supply works on the Delaware or its tributaries 
if and when they are needed. 

“Tn flood times, there is more than enough water in the Delaware 
for everyone. In seasons of abnormally low flow, the releases which 
New York has agreed to make will be a great boon to the Lower 
Delaware. In the opinion of the engineers for Pennsylvania and New 
Jersey the additional diversion by New York City under its enlarged 
plan of development will, if conditions do not change, have no adverse 
effect on the interests of Pennsylvania and New Jersey, but on the 
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contrary will further such interests by increasing the quantity of 
water available to those states.” 


At the same time of this release the Mayor included a pertinent 
statement of the factual background, from which the following is 
quoted: 


“This case has actually been pending for more than a year. It 
has, however, been in preparation for more than six years. The 
Special Master, Hon. Kurt F. Pantzer, was appointed by the Supreme 
Court of the United States in June 1952 to hear the case and report 
his recommencations to the Court. He has from the very first urged 
negotiation of the differences between the parties. It was his belief 
that a more effective use of the river could be obtained through an 
exchange of information, testimony and exhibits and through con- 
ferences of counsel and engineers than would result from the normal 
procedures of litigation. The representatives of all of the parties 
have endeavored at many meetings during the past several months 
to comply conscientiously with the Master’s desires. 

“These negotiations have resulted in what I believe is the very 
substantial accomplishment set forth in the joint press release. This 
reflects very definite clarifications of complicated engineering details 
and the narrowing of legal issues to be determined by the Special 
Master and the Supreme Court. . 

“The opposition of New Jersey and Pennsylvania centered around 
their fears that the taking of the additional water by New York 
would leave too little water available in the lower river for the 
domestic and industrial water supply needs of communities along the 
river. These communities have been growing rapidly. The advent of 
the Fairless Works of the United States Steel Corporation at Morris- 
ville, and the extensive residential and business developments adjacent 
thereto, will probably require Philadelphia to take its domestic supply 
of water from the river at a point north of Trenton. It was also feared 
that the proposed increased diversion by New York could cause the 
‘salt front’ in the bay to move upstream towards Trenton Falls, with 
possible damage to the industry along both sides of the river below 


Trenton. New York experts’ testimony in this case has demonstrated 
that these fears are groundless. 
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“New York at all times has taken the position that the objections 
of Pennsylvania and New Jersey could be overcome by an improved 
release of water from the City’s reservoirs on the Delaware tributaries 
so as to increase the flow of the river during the summer and fall 
months, when the natural flow is normally very low. The Supreme 
Court has established the principle that, as a condition to the taking 
of water from the Delaware River and its tributaries, releases of 
compensating water must be made during periods of low flow in the 
stream. Accordingly, it is New York’s plan to impound water in its 
reservoirs during the flood stages of the river in sufficient quantity to 
give New York City 360 million gallons daily of additional water 
and at the same time to permit the release of water during periods of 
low flow, so that the conditions of the lower river will be improved 
when they most need such improvement. 

“As a result of the negotiations, a formula for the release of 
waters for the City’s developments on the Delaware tributaries has 
been worked out. This formula does not involve any change in the 
City’s original plans concerning the dam and reservoir near Cannons- 
ville or any increase in its storage capacity. No additional cost to the 
City is involved. The formula provides a more effective use of the 
waters stored for release purposes by changing the timing of the 
releases. . . . 

“The improved formula which accomplishes the above purposes 
will be put into effect by New York if it meets with the approval of 
the Special Master and the Supreme Court. Throughout the entire 
proceeding, the State of New York has consistently coéperated with 
the City and supported the City’s position.” 
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DOMESTIC AND INDUSTRIAL WATER SUPPLIES FACE 
THE POLLUTION PROBLEM 


BY MALCOLM PIRNIE* 


[Read September 30, 1953.] 


Without doubt each of you has seen recent references to the fact 
that the desert rat does not need to drink water. If each of us were 
equipped with the remarkable facility of the desert rat for separating 
the hydrogen from the carbon in foods and then combining it in the 
correct proportion with oxygen from the atmosphere, the word “do- 
mestic” could be stricken from the title of this paper. Of course this 
accomplishment makes the rat a tempting target for all thirsty pred- 
atory animals, which know they can depend on the rat for a good 
drink. 

Our own domestic water supplies are similarly tempting to indus- 
tries seeking to locate in areas with good resources of all kinds. Some 
years ago, for example, my firm studied and reported on some eleven 
sites throughout the southeast as possible locations for a large paper 
mill, requiring huge volumes of water. Some of these were ruled out 
because of high costs, others because of poor-quality natural water or 
lack of suitable waters to receive the liquid wastes. But the one that 
was selected had a potential source capable of supplying not only 
the large demand of the mill itself, but also the projected demand of 
80,000 persons, which has since grown to that of well over 100,000 
persons. 

This industry, in seizing upon a large source of unpolluted water, 
has unquestionably benefited its new neighborhood. So it is easily 
demonstrated that it is to the benefit of the community to face up to 
its water-supply problems and meet its pollution problems head-on. 

Pollution problems may be the same for municipal plants as for 
industrial plants or they may be dramatically different. A paper-mill 
client of ours, which makes the familiar green and black, two-sided 
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backing papers for photographic films, not too long ago had to reject a 
complete run of this specially processed, expensive paper. Why? 
Because something that had never before happened to its Adirondack 
Mountain water supply had made its paper unsuitable for photo- 
graphic uses. Dust from the atomic explosions in Nevada had been 
precipitated from the skies over the Adirondacks by snow that had 
melted and made the water, and hence the paper, radioactive. 

Another modern trouble has appeared to annoy the water-works 
operator. For some time now we have been treated with newspaper 
photographs of mountains of foam on, or sailing through the air from, 
sewage-treatment plant aeration tanks and have grinned to ourselves 
at the plight of our brother sewage-works operator. But then the blow 
fell! The detergents, largely unaffected by their passage through 
sewage-treatment plants, entered water-treatment plant intakes, caus- 
ing lime, coagulants and natural turbidity to carry through the settling 
basins, thus dangerously reducing filter runs and introducing objec- 
tionable tastes in the finished water. 

Down in New Jersey there is a small river, which used to furnish 
pretty good fishing and swimming for the rural communities along 
its banks, even after a yeast plant was built upstream. Then, some 
twelve years ago, a paper plant a little farther upstream commenced 
discharging its wastes. The fish vanished and the stench was so strong 
that it was common gossip that motorists took long detours to by- 
pass the shores of the stream. This was not a water supply, except in 
the sense that it supplied a recreational facility. And yet it represents 
an extreme of the influence that pollution may have on the general 
public. 

Another possible extreme of much grimmer portent is the problem 
recently faced twice by the city of Philadelphia. Once a wrong valve 
was opened and another time a lagoon dike was breached, but in 
both cases deadly amounts of cyanide were discharged into the Dela- 
ware River above Philadelphia’s Torresdale intake. Fortunately in 
each case an employee of the chemical and plastic company where 
this occurred reported the accident to his superior, who immediately 
notified the Philadelphia authorities. The first time, one-ton con- 
tainers of chlorine were quickly brought to the river intake and their 
discharges placed directly in the river. The second time there was 
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greater river flow, and the tide changed just as the poison approached 
the intake and pushed it back upstream. By the time it came down- 
stream twelve hours later, it had been diluted enough for normal plant 
treatment to take care of it. Suppose that first operator had not 
admitted his mistake! 

Assistant Surgeon-General Mark Hollis aptly stated the problem 
in a recent paper: “It has been a basic error to separate the need for 
a safe drinking water supply from the need to prevent gross pollution 
of the raw water source.” 

This is at odds with a statement in a current periodical by a 
spokesman of the chemical industry. He says, “Stream pollution 
abatement is primarily a matter of esthetics and conservation.” 

He goes on to point out that epidemiological evidence is lacking 
to prove the threat of stream pollution to public health or, more 
specifically, a connection between such diseases as poliomyelitis and 
water-borne pollution. 

What troubles me about these statements is not the lack of 
proof, but the lack of willingness to bénd every effort toward the 
elimination of any factor which might possibly adversely affect the 
health of those millions who so unthinkingly and trustingly drink the 
water we furnish them. 

When I first went into this business viruses were not even a 
theory. Today we know the polio virus appears in sewage. Does it 
ever get through our treatment plants? 

Researchers have found a virus which in mice will cause cancer 
of the salivary glands. Do similar viruses ever pass through our 
treatment plants? 

Every year there are gastro-intestinal outbreaks which are best 
explained by being water-borne. Yet there appears to be adequate 
treatment of the water served to the people affected. 

I bring up these things merely to point out that, in spite of 
modern scientific progress, we don’t know all the answers and that 
we must practice eternal vigilance. 

The backlog of proposed water-works construction projects is 
estimated today at $1.4 billion. The backlog of sewerage projects 
is estimated at $2.4 billion, and a ten-year program of investment in 
treatment facilities for municipal and industrial wastes is estimated to 
require $9 to $12 billion. 
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A notable example of how one city and a polluting industry 
profitably licked their joint problem is that of Richmond, Va., and 
the West Virginia Pulp & Paper Co. It was some years ago, when 
the city of Richmond was experiencing considerable difficulty with 
offensive tastes and odors in its James River treated water, which 
were traced in part to the effluent from a mill of the West Virginia 
Pulp & Paper Co. many miles upstream. The company, always co- 
operative and progressive, agreed to join with the city in an effort to 
find out how best to combat the trouble. It agreed to eliminate as 
much as possible of its wastes from the stream and the city agreed to 
experiment with improved treatment facilities and taste-controlling 
agents. In carrying out its part of the promise, the company found 
that it could evaporate its black liquor and convert the residue into 
porous charcoal by passing it through kilns, and valuable process 
chemicals were leached from the charcoal. In turn the city found 
that it could use the powdered leached charcoal for controlling the 
taste in the water; and from that beginning we have today one of the 
most effective taste- and odor-controlling materials, ““Nuchar,” as 
produced by the Industrial Chemical Sales Division of the West 
Virginia Pulp & Paper Co. This was a successful solution of a tough 
problem. 

The city of Watertown, N.Y., has not yet found the solution of 
its problem. There, a latent, medicinal or iodoform taste becomes 
obnoxious and objectionable at irregular and widely separated in- 
tervals. Surveys upstream and close inspection of plant operating 
records have yet to reveal a correlation of events which would permit 
diagnosis of the trouble. Yet it is there—and although I have named 
but one town, I know each of you could name several where similar 
conditions occur. Is this a pollution problem? Or is it some condition 
in the natural water about which we do not yet know enough? 

I was intrigued by a small piece in the paper a couple of weeks 
ago, which reported the research of a group of doctors on a small 
group of persons and which purported to show that over 90% of them 
had accumulations of DDT in their fatty tissue. These accumulations 
were nowhere near the danger mark, but the doctors raised the ques- 
tion of what would happen to our population 10 or 15 years from 
now, with increasing use of accumulative poisons. 


> 
| 


WATER SUPPLIES FACE THE POLLUTION PROBLEM 


These persons undoubtedly received some of their DDT from 
foods they had eaten. We have no way of knowing today whether 
significant amounts of it may be washed into reservoirs and other 
water-supply systems. Some water works have asked other utilities 
to refrain from using certain weed killers on their catchment areas, 
fearing the ultimate effect they might have on quality of the water. 
But not too many of us have such complete control of our catchment 
areas that we can do this. Unlike the argument which prevails over 
the use of fluorides and their ultimate effect on the population, the 
one centering around the use of poisons within the watershed, some 
of which we know are as accumulative in their actions as arsenic, 
should give us cause for thought. 

Since Benjamin Rush first attacked filth in Philadelphia, we have 
made great strides. However, we should not let the great strides of 
the past blind us to the new problems and those still unsolved and 
confronting us in water treatment. As our industrialization progresses, 
problems become more acute. The wastes from one industry will 
affect the treatment plant at another. And the wastes from both 
combined will produce organic compounds and resulting tastes and 
odors, incapable of treatment by presently known methods, in the 
municipal filter plant downstream. 

We have nearly banished distinctive micro-organisms from our 
domestic water supplies. We must not be content to use methods that 
accomplished this in treatment of waters receiving wastes from various 
industries, one or a combination of which may prove destructive of 
health before the danger is suspected. The prize portions of catch- 
ment areas for domestic water supplies are still the upland areas, 
developed with storage reservoirs or natural lakes. From them, even 
today pure water can be delivered anywhere on a consumer’s premises 
for two to seven cents a ton—a cheap essential in our present standard 
of living, compared with a roast of beef at $1.00 a pound. 

Facing the uncertainties of anticipated future and even existing 
pollution problems, fortunate indeed is the community able to reach 
out for an upland supply devoid of such problems. The rest of us must 
constantly strive to lessen the pollution load reaching our plants and 
to treat adequately all that does. 
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SIGNIFICANCE OF THE COLIFORM TEST IN RELATION TO 
INTESTINAL VIRUS POLLUTION OF WATER? 


BY F. W. GILCREAS AND SALLY M. KELLY* 


[Read September 30, 1953.) 


The significance of the numbers of colon bacteria in water as an 
indicator of pollution has been generally accepted since its initial sug- 
gestion by Dr. Theobald Smith in 1890 (1). Apparently the first use 
of a colon bacilli index in determining the quality of water was made 
in connection with a survey of the Mohawk and Hudson Rivers under- 
taken by the New York State Board of Health in 1892 (2). Since that 
time such an index has been the standard measure of sewage pollu- 
tion of water, although our ideas of the significance of these micro- 
organisms have undergone revision throughout the years. Each edition 
of Standard Methods for the Examination of Water and Sewage (3) 
has introduced changes in technic which have broadened the scope of 
what is termed the “coliform group” by the inclusion of additional 
bacteria similar in cultural characteristics. While originally the tech- 
nics were developed for the isolation and enumeration of colon bacilli 
believed to originate in the human intestinal tract, modifications were 
made to include the aerogenes groups and other intermediate forms, 
with the result that now the coliform group is an indicator not so much 
of intestinal pollution of a water supply as of the presence of sewage 
and undesirable contaminants. 

The coliform group has proved to be an excellent criterion of 
water quality; its continuous use and the liberalizing of the interpre- 
tation of the results have led to marked improvement in water quality. 
Especially is it an excellent measure of the amount of sewage pollution 
in a water supply and a guide to the efficiency of various water treat- 
ment procedures. The coliform index, however, does not necessarily 
reveal the presence of pathogens of intestinal origin in water and there- 


+ This investigation was supported by a research grant from the National Institutes of Health, United 
States Public Health Service. 
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fore does not indicate the potential danger to a consumer who uses 
the supply. 

From time to time there have been demands for the development 
of a new indicator of significant water pollution, one which would be 
intimately concerned with the potential disease hazards in the use of 
the water as well as being a measure of water quality. The question 
has frequently arisen—does the coliform index actively and accurately 
measure pollution by microérganisms other than those associated with 
the usual forms of enteric disease, such as dysentery or typhoid fever? 
Epidemiologic evidence often points to a water supply as responsible 
for an otherwise inexplicable outbreak of intestinal disease, although 
repeated bacteriologic examinations have failed to show the presence of 
significant densities of coliform bacteria. Development of a new in- 
dex is based upon the need for a quantitative indication of other types 
of intestinal pathogens. 

Attention is necessarily focussed upon the significance of viruses 
as incitants of disease and whether or not their determination in 
water would be a measure of the safety of a supply for domestic use. 
Evidence that standard types of water treatment eliminate viruses in 
the same ratio as they eliminate bacterial agents of disease is frag- 
mentary. 

Few viruses have been incriminated as water supply contaminants. 
Poliomyelitis virus has been isolated from creek water (4). Hepatitis 
virus has been isolated from well water (5), and outbreaks of hepatitis 
have been traced epidemiologically to contaminated water supplies. 
Volunteers have been shown to develop hepatitis from drinking water 
inoculated with the virus (6). The accusation of these viruses as pos- 
sible water contaminants is based mainly on their numerous isolations, 
poliomyelitis in particular, from sewage rather than from actual water 
supplies. Since, however, sewage may contaminate water supplies, 
attention: directed toward virus control in either sewage or water treat- 
ment is justified. 

Water treatments that have been critically examined by previous 
investigators for their ability to inactivate viruses are storage (7), 
chlorination (8), heat (9), ultraviolet irradiation (10), coagulation 
(10), sedimentation (11), and filtration (10). These studies, while 
valuable for their information on virus behavior under these condi- 
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tions, were done without reference to the effect of such treatments on 
coliform bacteria, the microdrganisms on which the present standards 
of water purity are based. 

In order to determine if various types of water and sewage treat- 
ment are as satisfactory in eliminating viruses as bacteria, the com- 
parative survival of coliform bacteria and viruses in water under sev- 
eral environmental and water treatment conditions was studied. Such 
conditions as reservoir storage, laboratory storage, storage in different 
water types and at various pH values, and the effects of chlorination, 
temperature, and exposure to ultraviolet light were investigated. 

The bacteria chosen were coliform microérganisms, represented 
chiefly by Bacterium coli 3635, a strain maintained in this laboratory 
for 15 years. The virus selected was Bacterium coli B bacteriophage, 
since it is a virus enteric in habitat and easily detectable by quantita- 
tive tests. Selected survival experiments were done with stock mouse- 
leg suspensions of Coxsackie virus Group A types and with mouse- 
brain suspensions of Theiler (T.O.) virus to provide a comparison with 
viruses that are animal pathogens as well as enteric in nature. 
Naturally-occurring coliform bacteria, Bact. coli B bacteriophage, and 
Coxsackie viruses were studied for their survival during various stages 
of sewage treatment. 


Assay METHODS 


Coliform bacteria were determined by plate counts on tryptone 
agar (12a) of ten-fold serial dilutions of 1-ml. aliquots in triplicate. 
Occasionally, most probable numbers of microorganisms per 100 ml. 
(MPN) were determined also by inoculation of ten-fold serial dilu- 
tions of 1-ml. aliquots into 5 lactose fermentation tubes, followed by 
confirmation in brilliant green bile broth (12b). 

Bacteriophage was measured by counting the plaques formed by 
1-ml. aliquots on crystal violet agar plates in triplicate seeded with 
Bact. coli B as host (13). 

Theiler virus measurements were determined as the median effec- 
tive dose* required for limb paralysis in 10-12-gram mice during 21-30 
days following injection intracerebrally with Theiler-virus-containing 
suspensions. Coxsackie virus was determined as the median effective 


* Median effective dose determined by moving-averages method of Thompson (12c). 
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dose required to produce limb paralysis in 3-day-old mice during the 
10-14 days immediately following intraperitoneal injection with 
Coxsackie-virus-containing suspensions. 


WATER SOURCES 


Most of the experiments, as indicated below, were carried out in 
spring water. Unless otherwise noted, all waters used were sterilized 
by autoclaving for 15 minutes to eliminate other microorganisms that 
might interfere with the methods of assay. While this treatment no 
doubt made changes in the state of dissolved materials, in mineral 
and organic matter and in dissolved oxygen content, particularly, it 
was assumed these had little influence on the outcome of the relative 
survival studies. 


SURVIVAL DURING STORAGE IN RESERVOIR 


Comparative survival in reservoir storage was determined as fol- 
lows: Two-liter amounts of autoclaved spring water in glass-stoppered 
Pyrex bottles, which had been allowed to come to temperature equi- 
librium for 24 hours previously in the reservoir, were inoculated with 
Bact. coli B bacteriophage at concentrations of approximately 10°, 
10°, and 10° particles per ml. or with an 18-hour broth culture of 
Bact. coli 3635 diluted to give approximately 10°, 10°, and 10* col- 
onies per ml. Three 1-ml. aliquots of each inoculation for determina- 
tion of initial numbers of microérganisms present were taken immedi- 
ately before the inoculated bottles were placed in the reservoir. The 
bottles were protected by water-tight stainless-steel pails, weighted 
with lead to keep them submerged. 

The reservoir consisted of spring water stored in a submerged 
concrete tank 6 x 3.5 x 4 feet with a capacity of 629 gallons. The tank 
was within four brick walls covered by a sloping roof 6-10 feet above 
the water level. 

Aliquots were removed from the inoculated bottles at weekly 
intervals for 6 weeks and then monthly, to determine the number of 
surviving organisms of each type. From these determinations the per 
cent survival from the initial count was calculated. Temperatures dur- 
ing the storage period were measured on maximum-minimum ther- 
mometers. Dissolved oxygen in the bottles was determined during the 
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first few weeks of storage. Since there was no detectable difference in 
the rate of oxygen depletion in the test samples, it appeared that the 


amounts used by the two types of organisms in this experiment were 
the same and thus this measurement was discontinued. 


IN RESERVOIR 


TEMPERATURE 


PERCENT SURVIVAL 


WEEKS 


Fic. 1—ReEtative Survival or Bact. coli 3635 anv Bact. coli B BACTERIOPHAGE UNDER 
RESERVOIR CONDITIONS, JAN.-SEPT., 1952. 


As indicated in Figure 1, the survival of phage was greater than 
that of coliforms. Not only was the rate of phage survival greater but 
its persistence longer. The temperature changes that occur during the 
storage period are probably not the cause of killing, since the rate of 
decrease is not proportional to the temperature change. This experi- 
ment was repeated over a shorter interval; the results were similar 
to those in the preceding experiment. 


SURVIVAL DURING STORAGE IN THE LABORATORY 


The experiment described above was repeated, modified to labora- 
tory conditions of cold room storage at 8-10° C. In addition to sur- 
vival in spring water, storage survival in autoclaved salt, brackish, 
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river, reservoir, swamp, and hard water and in autoclaved sewage was 
followed. One-liter amounts in glass-stoppered Pyrex bottles and 500- 
ml. amounts in rubber-stoppered Erlenmeyer flasks were inoculated 
with a mixture of Bact. coli 3635, approximate concentration of 
10* cells per ml., and Bact. coli B phage, approximate concentration of 
10* particles per ml. Six 1-ml. aliquots were removed immediately 
for determination of numbers of organisms initially present. The 
mixed inoculum was used since Bact. coli 3635 is not a host for the B 
phage. 
Sources of water and collection dates are: 


Spring: 1/31/52. Enclosed reservoir, State Laboratory Farm, 
Voorhéesville, N. Y. 

Salt: 1/31/52. Babylon Town Dock on Great South Bay, 
Suffolk County, N. Y. 

Brackish: 1/31/52. West Creek at Montauk Highway Bridge, high 
tide, Suffolk Co., N. Y. 

River: . Naval Reserve Pier, Hudson River, Albany, 
N. Y. 


Reservoir : . Bridge at Tomhannock reservoir, Raymertown, 
N. Y. 


Hard: /25/52. Raw water, water softener plant of Bethlehem 
Water District No. 1, Delmar, N. Y. 

Sewage: . Settling tank, sewage treatment plant, Water- 
vliet, N. Y. 

Swamp: ; . Cattail swamp, Route 7, Raymertown, N. Y. 


Chemical analyses of these waters are given in Table 1. 

Aliquots were ,removed weekly for six weeks and thereafter 
monthly to determine the number of surviving organisms in each 
water type. As indicated in Figure 2, survival of phage was greater 
and persistance longer than that of coliform bacteria. This was true 
regardless of water type. Survival and persistence of phage were 
greatest in river and least in salt water. Coliform survival was great- 
est in swamp and least in salt water. 
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Vv 


SALT WATER 


PERCENT SURVIVAL 


10 15 
WEEKS 


Fic. 2—Retative Survival or Bact. coli 3635 anp Bact. coli B BACTERIOPHAGE 
DURING Cotp Room StToraGe SALT WATER. 
(Relative survival in the other types tested compares, in general, with that 
illustrated here.) 


Storage of Theiler and Coxsackie viruses in spring water and in 
autoclaved sewage at cold room temperature was compared with that 
of coliform bacteria and phage. At 8°-10° C. Theiler virus in spring 
water (200 M.E.D. M.E.D. = 7.7) and in sewage showed no con- 
sistent loss of infectivity during a 4-week storage period, while during 
the same period, 50-per-cent phage and 1-per-cent coliform bacteria 
survived. Coxsackie virus (50 M.E.D. M.E.D. = 8.4), similarly, 
showed no loss of infectivity at cold room temperature during a 3-week 
storage (Table 2). 

A comparison of the survival rates of coliform bacteria in the 
eight water types examined suggests that three different survival pat- 
terns occur in bacteria of the coliform group: i.e., survival in sewage 
and in salt and river water was exceedingly brief; that in brack- 
ish, hard, and spring water somewhat more prolonged; and in reser- 
voir water the coliform microdrganisms were able to survive for even 
longer periods. 
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TABLE 2.—RELATIVE SURVIVAL OF Bact. coli 3635, Bact. coli B BACTERIOPHAGE, 
THEILER VIRUS AND COXSACKIE VIRUS IN WATER AT 8°-10° C. 


Per cent survival 
Coliform Bacterio- Theiler Coxsackie 
Week bacteria phage virus virus 


33 68 16 100 
10 67 10 
1 58 100 
1 52 100 


The experiment was repeated with new samples of four of the 
water types: river, salt, and reservoir waters, and sewage, collected 
between February 25, 1953, and April 2, 1953, and autoclaved before 
inoculation. Five-ml. portions, inoculated with either coliform bac- 
teria or phage, were kept in screw-capped test tubes and two 1-ml. 
aliquots removed for determining numbers of surviving organisms. As 
in the preceding experiment, the survival rate of phage was greater 
than that of coliform bacteria. 

In reservoir and cold room storage, then, the survival rate of 
bacteriophage and its persistence are greater than those of members of 
the coliform group. This greater resistance than coliforms to cold is 
characteristic also of Theiler and Coxsackie viruses. 


SURVIVAL AT VARIOUS pH LEVELS 


Comparative survival of coliforms and phage was followed at 
room and at cold room temperatures in spring water adjusted to vari- 
ous pH levels. Spring water buffered with M citric acid and M di- 
sodium phosphate to give pH values of from 3 to 8 was inoculated with 
either Bact. coli 3635 or Bact. coli B bacteriophage to give approxi- 
mately 10* cells and 10° particles per ml., respectively. The suspen- 
sions were distributed separately as 10 ml. per screw-capped test tube. 
One set of tubes was kept at room temperature (23°-29° C.) and a 
second set in the cold room at 8°-10° C. Two 1-ml. aliquots were re- 
moved from each of 2 tubes to determine the number of organisms 
initially present. Aliquots were similarly removed at weekly intervals 
for 6 weeks and monthly thereafter. From determinations of the num- 
bers of organisms present the per cent survival was calculated. The 


2 
3 
4 


264 SIGNIFICANCE OF THE COLIFORM TEST 


differences in survival rates between coliform bacteria and phage were 
dependent upon temperature, rather than upon response to pH levels. 
For example, survival rate and persistence of phage were greater than 
those of coliforms, regardless of the pH levels, when the organisms had 
been stored in the cold, a result comparable to that obtained in the 
storage of microdrganisms under reservoir conditions and in the 
laboratory cold room (Figures 1 & 2). 


SURVIVAL UNDER VARIOUS ENVIRONMENTAL EFFECTS 


Temperature. Spring water was inoculated with either Bact. coli 
3635 or with Bact. coli B bacteriophage and was exposed to the follow- 
ing temperatures: -55°, 8°-10° (Table 2), 20°-30°, 36.5°-38°, 59°-60°, 
and 99°C. Survival at -55°C. was studied as follows: 10-ml. amounts 
of suspension were placed in sterile 1-oz. sputum jars after three 1-ml. 
aliquots were taken for determination of the number of microdrgan- 
isms initially present. The suspensions were frozen and kept in a dry- 
ice chest with a temperature from -45° to -60°C. Jars were removed 
at 1-, 3-, 12-, 20- and 46-day intervals, allowed to thaw at room 
temperature, and titrated for final numbers of microdrganisms. The 
survival rate of both types was so low, from 0.1 to 0.9 per cent at the 
intervals tested, that no significant difference between them was 
measured. 

In the remaining temperature experiments reported, the micro- 
organisms used were, as above, Bact. coli 3635 and Bact. coli B 
bacteriophage and Theiler and Coxsackie viruses. The suspensions 
were distributed at 5- or 10-ml. amounts in sterile 125-by-20 screw- 
capped test tubes. 

Survival at 20°C. was followed by placing tubes containing coli- 
form bacteria at 10* cells per ml. and phage at 10° particles per ml. 
in a refrigerator maintained at this temperature. Tubes were removed 
at 1-, 4-, 9-, 23-, and 45-week intervals, and their contents titrated 
for final microérganism counts. As indicated in Figure 3, the survival 
rate of coliforms is greater than that of phage. 

Survival of Theiler and Coxsackie viruses at room temperature 
(20°-30°C.) was compared with that of phage and coliforms. During 
3- to 4-week storage in spring water and sewage, Theiler virus infec- 
tivity (200 M.E.D. M.E.D. = 7.7) dropped to 25 per cent of the 
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original. Coxsackie virus (50 M.E.D. M.E.D. = 8.4) showed a 100- 
fold loss of infectivity. Phage survival in water dropped to 1 per cent 
and in sewage to 50 per cent during this period; coliform microdrgan- 
isms in the same interval increased to 1,000 times their original number 
(Table 3). 


TABLE 3.—RELATIVE SURVIVAL OF Bact. coli 3635, Bact. coli B BACTERIOPHAGE, 
THEILER VIRUS AND COXSACKIE VIRUS IN WATER AT 20°-30° C. 


Per cent survival 
Coliform Bacterio- Theiler Coxsackie 
bacteria phage virus virus 


6,000 48 100 14 
14,000 11 100 
22,600 7 0.36 
16,600 1 25 
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At room temperature, then, the survival rate of phage and other 
viruses is less than that of coliform bacteria. 

Tubes containing 10* cells per ml. coliforms and 10° to 10° parti- 
cles per ml. phage were also placed in a 36.5°-38°C. incubator. They 
were removed for determining the final count at intervals from 1 
hour to 3 weeks. As data in Figure 4 show, while survival rate of 
both microérganisms was approximately the same during the first few 
hours, the coliform survival rate became much greater as exposure to 
36.5° to 38°C. temperature continued. Coliform behavior at this 
temperature, as is well known, is not mere survival but multiplication; 
for phage, however, this temperature over longer periods is harmful. 
Phage maintains itself in this temperature range for at least 3 hours, 
but less than 19 hours. Bact. coli, on the other hand, multiplies or at 
least maintains itself for a 2-week period. 

Tubes containing 10* cells per ml. coliforms, 10° particles per ml. 
Bact. coli B phage, or Theiler virus (4 M.E.D. M.E.D. = 6.4) were 
placed in a waterbath maintained at 59°-60°C. and tubes removed for 
determining the final count at intervals of from 1 minute to 4 hours. 
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The survival rate of phage at this temperature exceeds that of Bact. 
coli at all the intervals tested (Figure 5). Persistence of phage was 
longer also, 20 per cent of the original number of particles remaining 
after 4 hours, whereas a negligible number of coliforms was left after 


20-minute exposure. Theiler virus survival at this temperature was 
nil. 
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Fic. 5—RELATIVE SuRVIVAL oF Bact. coli 3635, Bact. coli B BACTERIOPHAGE, AND 
THEILER Virus AT 59°-60° C. 


Tubes containing 10* cells per ml. Bact. coli 3635, 10° particles 
per ml. Bact. coli B bacteriophage, or Theiler virus (3 M.E.D. 
M.E.D. = 6.5) were placed in a boiling water bath and were removed 
at intervals up to one minute. The temperature to which they were 
subjected, as measured by the temperature in a control tube, was 
99°C. None of the organism types survived even for so short a time 
as 20 seconds. 

This series of survival experiments at various temperatures indi- 
cates that relative survival of virus and coliform bacteria differs ac- 
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cording to the virus type and the exposure temperature. Neither 
phage nor coliforms are resistant to either temperature extreme, -55° 
or 99°C. At 20°-30°C. and at 36°-38°C. coliforms not only survive 
but multiply for a period of time, whereas virus may survive, but at a 
decreasing rate. Phage exhibits greater survival — i.e., more resistance 
— than Bact. coli at 60°C. temperature and at 8°-10°C., yet Theiler 
virus survival at 60°C. is negligible. 


Chlorination 


Fifty- and 250-ml. amounts of autoclaved spring water, inoculated 
with 10* cells of Bact. coli 3635, with 10* to 10° particles of Bact. coli 
B phage, or Theiler (5 M.E.D. M.E.D. = 6.3) or Coxsackie (70 
M.E.D. M.E.D. = 8.2) virus were dosed with from 0.1 to 10 p.p.m. 
chlorine at room temperature. At the end of 10 minutes the residual 
chlorine was determined (12d) on approximately 45 ml. of the suspen- 
sions, and the numbers of surviving organisms determined in 4-ml. 
aliquots to which 1 ml. 0.01 N sodium thiosulfate had been added to 
stop the action of the chlorine. As indicated in Figure 6, survival of 
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Fic. 6.—RELATIVE SuRVIVAL OF COLIFORM PAcTERIA, BACTERIOPHAGE, AND THEILER 
Virus IN WATER AFTER CHLORINATION. 
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phage and coliforms was approximately the same in the various doses 
given. A dose of 0.20 p.p.m., with a total chlorine residual of 0.03 
p-p-m. and a chlorine demand of 0.17 p.p.m., for example, reduced 
survival of both phage and coliforms and destroyed Theiler virus 
completely. A dose of 0.5 p.p.m., with a total chlorine residual of 0.2 
p.p.m. and a chlorine demand of 0.3 p.p.m., was sufficient to destroy 
coliforms and phage as well as the animal viruses. A low dose of 0.1 
p.p.m., which reduced phage and coliform numbers considerably, had 
little effect, however, on Theiler or Coxsackie virus infectivity (Table 
4). 

The experiments with phage and coliform bacteria were repeated 
in autoclaved sewage, using chlorine doses of 1 to 50 p.p.m. The sur- 
vival pattern was similar to that in water — i.e., both organism types 
survived at approximately the same rate in the various doses. Phage 
appeared to resist chlorination in sewage to a greater extent than Bact. 
coli, however, since it persisted longer; coliforms, for example, were 
completely destroyed at a dose of 10 p.p.m. while a dose of 50 p.p.m. 
was required to destroy lingering amounts of phage. 


Sewage Treatment 


This greater persistence of phage over coliform bacteria exists 
also in various stages of sewage treatment. When aliquots of sewage 
from the primary settling-tank effluent, trickling-filter effluent, and 
plant effluent of the Colonie sewage treatment plant were titrated for 
their natural coliform and Bact. coli B phage content in comparison 
to the numbers found in the raw sewage influent, the per cent survival 
of phage was greater than that of coliforms in all stages examined 
(Figure 7). While sedimentation and filtration may have lessened the 
amount of Coxsackie viruses, effluents from these steps in sewage 
treatment contained detectable amounts of these viruses. 


Ultraviolet Irradiation 


Since ultraviolet irradiation has been used under certain condi- 
tions for water treatment (14), its relative effectiveness on coliform and 
bacteriophage survival was examined. Several types of ultraviolet ir- 
radiation were used: direct sunlight, ultraviolet water sterilizer, Habel- 
Sockrider apparatus, and Westinghouse and General Electric Steri- 
lamps. 
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Fic. 7—RELATIVE SURVIVAL OF NATURALLY-OccURRING CoLIroRM Bacteria, Bact. coli B 
BACTERIOPHAGE, AND COXSACKIE VIRUSES DURING SEWAGE TREATMENT. 


Direct sunlight: (1) Autoclaved spring water, containing approxi- 
mately 10* cells per ml. Bact. coli 3635 or 10* and 10° particles per ml. 
Bact. coli B bacteriophage, was distributed as 10 ml. in Petri plates 
and exposed to direct noon sunlight. As indicated in Figure 8, coli and 
phage survived at the same rate except at the longest exposure given, 
which inactivated phage. 

(2) Autoclaved sewage, containing 10* cells per ml. Bact. coli 
3635 or 10* and 10* particles per ml. Bact. coli B bacteriophage, was 
distributed as above and exposed similarly to sunlight. Coliform bac- 
teria were hardly, if at all, affected by the exposure, whereas the 
survival rate of bacteriophage was considerably lowered. 

‘ Ultraviolet water sterilizer: Fifty-gallon quantities of Albany tap 
water were inoculated with Bact. coli 3635, M.P.N. per 100 ml. of 
3,300-7,900, or with Bact. coli B bacteriophage, 835-24,200 particles 
per ml., and were passed through an Elenite water sterilizer contain- 
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Fic. 8—RELATIVE SurRvIVAL oF Bact. coli 3635 ANp Bact. coli B BACTERIOPHAGE 
In SUNLIGHT. 


ing six 30-watt ultraviolet lamps, at a rate to give an exposure time of 
4.2 seconds. One-hundred-ml. samples were removed for survival 
counts. Coli survival in the sterilizer varied from 3 to 15 per cent; 
phage survival under this treatment was nil. 

Habel-Sockrider apparatus: Although designed for antigen prep- 
aration, the Habel-Sockrider apparatus (15) could be used for small- 
scale water treatment. A modification of the apparatus was equipped 
with a General Electric Sterilamp, G36 T6. Two-hundred-ml. quanti- 
ties of autoclaved spring water, containing 10° to 10° cells per ml. 
Bact. coli 3635, or 10* to 10° particles per ml. Bact. coli B bacterio- 
phage, were passed through the apparatus at a rate that gave an ex- 
posure time of 15 seconds. Neither organism type survived ultraviolet 
irradiation in this manner. ‘ 

Sterilamps: Autoclaved spring water, containing 10* cells per 
ml. Bact. coli 3635, 10° to 10* particles per ml. Bact. coli B bacterio- 
phage, or Coxsackie (70 M.E.D. M.E.D. = 8.2) or Theiler (5 M.E.D. 
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M.E.D. = 6.3) virus, was distributed as 10 ml. in Petri plates and ex- 
posed to a Westinghouse Sterilamp WL 793 mounted 6! inches above 
the suspensions and also to a General Electric Sterilamp G36 T6 
mounted 9 feet 2 inches above the suspensions. Irradiation proceeded 
for periods of time up to 19 hours. 


TABLE 5.—RELATIVE SURVIVAL OF Bact. coli 3635, Bact. coli B BACTERIOPHAGE, 
THEILER VIRUS AND COXSACKIE VIRUS IN WATER AFTER ULTRAVIOLET 
IRRADIATION BY STERILAMP 


Exposure Per cent survival 
period Coliform Bacterio- Theiler Coxsackie 
(minutes ) bacteria phage virus virus 


28 100 
6 50 
0.3 0 


As indicated in Table 5, phage was destroyed by irradiation 
periods of 5 minutes, whereas 4 hours or more were required for coli- 
form bacteria. Coxsackie and Theiler viruses, while destroyed by irra- 
diation periods of 10 or 15 minutes, as was phage but not coliforms, 


were more resistant than phage to short exposure periods—i.e., 1 and 
2.5 minutes. 

The experiments with phage and coliforms were repeated in auto- 
claved sewage. Coliform survival was greater than that of phage at 
the shorter irradiation periods, up to 5 minutes; beyond 5 minutes, the 
survival of both types was similar. 


DISCUSSION 


The significance of the coliform index as a measure of the sewage 
pollution of water has been firmly established. As an indicator of the 
effectiveness of water treatment it also has value. The data obtained 
in this study indicate that the relative survival of coliform bacteria 
and viruses in water is roughly the same. Under extreme conditions 
of temperature, however, there is a difference in the rates of survival. 
Under extremely low storage temperatures, there is a tendency for 
the intestinal viruses to survive for much longer periods than do coli- 
form bacteria. At temperatures which roughly approximate seasonal 
variation in water storage temperatures, the coliform bacteria at times 


1 106 
2.5 100 1 
15 31 
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survived for longer periods and at other times the intestinal viruses 
had the greater survival. These differences are minor and it may be 
concluded that the two rates of survival are comparable. In general, 
these differences in survival rates under varying environmental condi- 
tions are similar to the corresponding rates, reported by earlier investi- 
gators, for coliform microérganisms and the pathogenic bacteria which 
are incitants of intestinal disease. Since it is safe to assume that, like 
pathogenic intestinal bacteria, intestinal viruses would not be present 
in water except when accompanied by coliform bacteria, it may then 
be concluded that the absence of coliform bacteria, based upon the re- 
sults of this study, will indicate the absence of intestinal viruses in 
sufficient concentrations to prove infective to test animals. It is in- 
teresting to note that apparently the use of Bact. coli B bacteriophage 
is not a significant means of measuring typical virus survival, since 
under some conditions, particularly as shown at temperatures of 60° C., 
there was a tendency for the bacteriophage to survive longer than the 
coliform bacteria and longer than the intestinal viruses investigated. 

The failure of phage to survive at —55° C. seems contrary to the 
common practice of maintaining virus stocks at this temperature. 
Such virus stocks, however, are usually in the form of concentrated 
tissue suspensions and suspensions in broth that might exert a pro- 
tective action. Also, measurements of viability of these viruses are 
frequently based on animal infectivity tests, which measure disease- 
producing properties, rather than on the quantitative methods applic- 
able to bacteriophage determination such as plaque counting. 

Lack of coliform survival in salt water may indeed be attributed 
to salinity. Hein de Balsac et al (16), however, suggest that the bac- 
tericidal properties of the sea waters around France may be due to 
antibiotic rather than to bacteriophagic or saline effects of the water. 
The apparent toxicity of river water for coliforms is of interest since 
Clarke (17) reports virus-inhibiting properties of Ohio River water. 

One of the problems in the bacteriologic examination of water is 
the significance of the coliform group in indicating the safety of waters 
for bathing, particularly in indoor swimming pools where recirculation 
and disinfection treatment is practiced. Since indoor pools are main- 
tained at warm temperatures and since bathing in natural water is 
generally restricted to seasons when water temperatures are at their 
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maximum, it would appear from this study that the destruction of in- 
testinal viruses parallels destruction of coliform bacteria under com- 
parable conditions of time of exposure to treatment. Thus, the absence 
of coliform bacteria may still be considered a measure of adequate 
treatment of pool water. 

Because of the possibility that viruses, when discharged into 
water, may not succumb to residual concentrations of chlorine as 
rapidly as coliform bacteria, the chance of infection by contact with 
the water immediately after contamination has not been shown to be 
eliminated by the usual methods of treatment. From the results of the 
study, however, it is apparent that viruses as well as coliform bacteria 
are destroyed and consequently that chlorination in amounts sufficient 
to reduce coliform bacteria to insignificant densities would be accom- 
panied by paralleled destruction of intestinal viruses. It is interesting 
that apparently the intestinal viruses studied are more susceptible to 
ultraviolet light disinfection than are coliform bacteria and if later 
tests continue to indicate this greater efficiency of ultraviolet light, its 
potential usefulness for disinfection of bathing waters would be con- 
siderable. 

Studies are also needed for demonstrating the significance of 
predatory organisms which might aid in the reduction of viruses in a 
manner comparable to that which reduces the numbers of coliform 
bacteria in polluted natural waters prior to treatment. 

On the basis of the data available, the coliform index may still 
be considered a reliable indicator of pollution of waters and their 
suitability for recreational and other uses, whether the pollution is of 
bacterial or viral origin. 

SUMMARY 


Survival studies of coliform microérganisms in water and sewage 
in comparison with Bact. coli B bacteriophage, Coxsackie virus, and 
Theiler virus, indicate that their relative survival depends upon the 
type of treatment involved. During long-term storage in the cold, the 
viruses outlast the bacteria; at room or incubator temperatures, coli- 
form bacteria grow. At the extremes of temperature, —55° C. and 
100° C., neither phage nor coliform bacteria survive. At 60° C., on 
the other hand, the animal viruses are destroyed, along with coliforms, 
and it is phage which is most resistant. 
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Chlorination at strong doses (0.2 p.p.m. or more) affects the 
viruses and coliforms similarly. At weak doses (0.1 p.p.m.), however, 
animal viruses survive to a greater extent than phage and coliforms. 

Ultraviolet irradiation destroys viruses to a greater extent than 
it does coliforms. At short exposure periods, 1 and 2.5 minutes, ani- 
mal viruses survive to a greater extent than phage. 

While phage is a convenient virus to handle, these survival studies 
suggest that it can be used as a type virus for predicting animal virus 
behavior only under known circumstances. 

With the exceptions of storage in the cold and weak chlorine 
doses, water treatment which destroys coliform bacteria can be counted 
on to destroy viruses as well. 
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EXPERIENCES WITH CHEMICAL FEEDERS 


BELIEVE-IT-OR-NOT EXPERIENCES WITH 
CHEMICAL FEEDERS 


BY R. J. LEVEQUE* 


[Read November 19, 1953.] 


1. 


The first “‘believe-it-or-not” experience happened in a rather large 
metropolitan city. They had installed one of our loss-in-weight type 
Gravimetric Feeders underneath a large storage bin. The feeder hop- 
per was filled periodically by opening a bin gate between the overhead 
storage bin and the feeder hopper, In such cases, we always put a 
4”-diameter vent on top of the feeder hopper, so that the displaced 
air can be exhausted. Our drawings showed a 4”-diameter duct, 
connected to this sleeve and running up through the floor above into 
the storage bin. This connection was to be made by the purchaser. 
The floor above, however, happened to be a very thick one, with quite 
a bit of steel reinforcement in it, and the maintenance crew at this 
plant, making the installation, apparently thought that there was an 
easier way to vent the feeder hopper. 

They installed an elbow on the sleeve and ran the exhaust duct 
down into the feeder dissolving chamber, on the assumption that this 
would be a good way to get rid of the dust by exhausting it down into 
the water in the dissolving chamber. Soon after the installation was 
made, we received a call telling us that, for some unknown reason, 
there seemed to be considerable splashing of water in the dissolving 
chamber, which came up onto the feeding mechanism and caused an 
unsightly caking of the chemical on the interior of the feeder housing. 
At some time or other, I expect that many of us are apt to forget 
elementary principles. In this case, a thoroughly competent main- 
tenance crew overlooked the fact that this displaced air would seek 
the highest point in which to exhaust itself. Our serviceman took one 
look at that elbow and right away surmised that air was collecting at 
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that point and building up a pressure which, when it became great 
enough, exploded and blew downward with enough force to cause 
splashing of the water. When we called this to the superintendent’s 
attention, he laughed rather sheepishly and admitted that the joke 
was on him. To keep him from having to run a long extension of dust 
duct up through the thick and heavily reinforced floor, we removed 
the elbow and attached a spring-suspended, cloth filter bag, such as 
are used in our dust-collector units. The next time the feeder hopper 
was filled from the storage bin, the displaced air and dust blew straight 
upward into the bag. The airfiltered out through the bag, while the 
dust was retained and dropped back into the hopper when the loading 
procedure was finished. 


2. 


While we are on the subject of air troubles, I should like to tell 
you of another experience that happened in a midwestern city. 

They had bought an alum and lime feeder and, although our 
drawing had shown an open T on the discharge line just outside of 
the dissolver, they had connected a 1-'2” discharge hose directly to 
the dissolver outlet. There was only about a 4-foot drop to the point 
of application, but the end of the hose was submerged below the water 
level. A few days after they put the feeder into operation, they called 
for a serviceman and stated that the alum was apparently clogging up 
the hose. Frankly, we did not see how this could be possible but got 
on the job quickly. After watching the machine operate for a short 
period of time, it seemed quite obvious that there was air binding in 
the discharge line. 

We mentioned this to the superintendent, but he was thoroughly 
convinced in his own mind that this could not be the problem. He said 
he could not understand how it was possible for a few bubbles of air 
to resist the 4-foot head from the dissolver. After assuring him that 
if our remedy did not solve the problem, we should give him a new 
piece of hose, he allowed our man to take a pocket knife and make a 
hole about 4” in diameter in the top of the hose, just where it con- 
rected to the dissolver. As soon as the hose was punctured, there was 
a slight gush of air and from then on the solution began to flow readily 
out of the dissolver. 
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3. 


The next experience involves a Fluoridizer installation in a 
southern city, which was engineered to operate by proportional control. 
Specifications called for the flow to be measured through a 14” orifice 
plate, signals to be electrically transmitted through a Chronoflo Trans- 
mitter and Chart Recorder. After they had made the installation, they 
wrote us saying that there was a marked discrepancy between the 
readings on the Builders Chronoflo Meter and their existing master 
meter. They mentioned that the Chronoflo readings followed the 
master meter readings up to and including 3 mgd. Beyond that point, 
they informed us that our Chronoflo read as much as 1 mgd lower 
than the master meter. Since it is sometimes difficult to diagnose 
troubles when the patient is 600 miles away from the doctor, we sent 
a man down to investigate. He found, upon his arrival and much to 
his surprise, that instead of installing the orifice plate to measure the 
flow, they had made a last-minute decision to tap onto the existing 
Venturi tube on their main discharge line from the plant. The maxi- 
mum range through that 14” x 8” tube with their master meter was 
0.291 to 5.82 mgd. Our original proposal, based on their using an 
orifice plate, covered the furnishing of a Builders Chronoflo with a 
measuring range of 0.82 to 8.2 mgd, utilizing 240” of water. 

It did not take long to point out that the discrepancy was due to 
the fact that calibrations on our meter were made on the basis of 
their using an orifice plate. As soon as we pointed out the reason for 
the discrepancy, they immediately agreed to the small additional ex- 
penditure necessary to provide change parts and a new range tube, 
calibrated for the differential on their Venturi tube. 


4. 


These experiences are not entirely without their humorous side 
and the following is an example. A city in Ohio has several of our 
Gravimetric Feeders, one of which is equipped with a rubber-bladed 
rotor, to prevent flooding of the material through the mechanism. 
We received a call from the operator, saying that the rotor mechanism 
was not operating properly and that material was flooding through. 
We suspected that something had become lodged in the feeding throat, 
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which was probably bending the rotor blades and breaking the seal, 
which permitted material to flood on through. We instructed him to 
remove the rotor mechanism after he had run his hopper empty, 
inspect it, and then report back the symptoms so that we might advise 
him what remedy was needed. We were, of course, prepared to send 
a serviceman if he could not solve the problem. Two days later, we 
. received a letter from this superintendent, part of which read as 
follows: 


“I have just made a very interesting observation and have come to the 
conclusion that your feeders positively will not feed broom handles.” 


What had happened was that, in filling the hopper, one of the oper- 
ators had used a long pole to level up the material in the hopper and 
it got away from him. For reasons best known to himself, probably 
fear, he did not report the incident and his negligence resulted in 
some chewed up rotor blades. 


5. 


To continue in a humorous vain, someone once asked an equip- 
ment manufacturer why they couldn’t build equipment that was fool- 
proof. The manufacturer replied, “It just can’t be done because fools 
are too ingenious.” That quip, of course, is not intended to reflect in 
any way on the integrity or ability of water-plant operators. But since 
this is a “believe-it-or-not” narration of experiences, I am sorry to 
have to report that at times there are operators who seemingly are not 
as conscientious or trustworthy as they should be. 


The following experience happened in a water treatment plant 
of a large industrial concern. They reported that one of our belt 
feeders was not feeding accurately. We sent one of our best men 
down to check over the installation. He observed the feeder in opera- 
tion, and the scale beam seemed to be sensitive enough and apparently 
acting under normal conditions. Gravimetric Feeders are so con- 
structed that if for any reason chemical feeding becomes erratic or 
inaccurate, the scale beam will immediately go out of balance and an 
alarm bell will ring to warn the operator. Our expert spent quite a bit 
of time observing that feeder in operation and frankly he was baffled, 
because apparently nothing seemed to be wrong. He decided to make 
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another complete checkup before leaving and, quite by accident, when 
peering up into the feeder, he discovered that the scale beam had been 
cleverly tied with a very fine wire, which would permit it to oscillate, 
but not enough to go out of balance. You can imagine our surprise at 
the ingenuity of this operator. We could only assume that since he 
was an operator on the night shift, the ringing of the bell disturbed 
his sleep and he resented having to get up in the night to remedy the 
trouble or to fill the hopper. They say that lazy people always make 
the best inventors and you can take it from me that this guy really 
did a job on that scale beam. His work was a masterpiece of con- 
cealment. 


P.S. “Willie doesn’t work there any more.” 


6. 


Our most baffling experience happened on a Gravimetric Feeder 
installation in New York State. The superintendent wrote us that 
the feeder would not operate properly and that the alarm rang con- 
tinuously, no matter what they tried to do in the way of adjust- 
ment. He said the ringing of the alarm could not be stopped without 
shutting the feeder down. 


We sent a man up there and he performed all of the usual close 
checks, but could find nothing wrong. The hopper was then filled 
with material and the feeder started. It ran continually until it had 
fed all but a pound and a half of the chemical. During this entire 
period, the machine functioned normally and the scale beam stayed in 
balance. The superintendent was exasperated. He surmised that the 
trouble was probably due to the fact that his six operators had six 
different versions of how this feeder should be run, but apparently 
they got so mixed up with their own. method of trying to run it that 
not one of them could run it correctly for any length of time. The 
superintendent was satisfied after this demonstration that there was 
nothing wrong with the feeder. Our man told him, however, if further 
trouble was experienced, to call him personally and he would come 
again. Our serviceman, of course, felt confident that no further 
trouble would occur. 


You can imagine his consternation when, two days later, we 
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received a telephone call from a very indignant superintendent, saying 
to “get up here at once or else.’’” Our man got as far as New York by 
plane but couldn’t get out of there because of weather conditions. 
He had to take a train, which delayed him almost a day. When our 
serviceman arrived, he found the feeder operating normally again. He 
was then more perplexed than ever and decided to take a walk around 
the plant to do a little deep thinking. His walk took him upstairs to 
the chemical-storage room and, being naturally curious, he inspected 
the dust discharge duct from our dust-collector unit, which extended 
to the outside of the building. This line was equipped with a damper 
and our serviceman started fiddling with this damper, to see if it was 
working freely. He left the damper open for about a minute, when, 
lo and behold, the bells on the feeder downstairs started ringing like 
mad. He said to himself, ‘““No, this just can’t be,” but on the other 
hand, there it was. A rather strong wind was blowing outside in the 
direction of the dust duct. The velocity of the wind, blowing back 
through the dust duct, was great enough to upset the balance of the 
delicate scale mechanism and cause the alarm to sound. Upon calling 
this to the attention of the superintendent and operators, they seemed 
to recall that on those days when the feeder gave them trouble, the 
wind was blowing right sharply. They went back upstairs and closed 
the damper on the exhaust duct. The feeder scale beam went into 
balance shortly after and the bell stopped ringing. By way of a 
permanent remedy, it was suggested that the damper be removed from 
the exhaust duct and an elbow pointing downward be installed. We 
are happy to report that we have had no further complaints from this 
source. 


7. 


An Illinois plant superintendent reported to us that the chart 
recorders on our feeders presented damaging evidence against an 
operator who was not handling his job properly. It seems that this 
operator was scheduled to fill the feeder hopper every morning at 
7 o'clock. He would lock the scale beam on the loss-in-weight Gravi- 
metric Feeder to keep it steady while filling. After moving the balance 
poise out to the end of the 500-lb capacity scale beam, he would go 
upstairs and fill the hopper. As he knew the superintendent was not 
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in the habit of arriving at the plant until about 8 o’clock, at about ten 
minutes to eight, the operator would come downstairs, unlock the 
scale beam, and balance out the poise on the scale beam. The scale- 
beam capacity was 500 lb, but quite likely the operator had dumped 
in only about 437 lb. Although the rate of feed was set to deliver 
37.5 lb per hour, or 25 lb in a 40-min period, 412 lb being left in the 
hopper, the operator had to balance his scale beam by moving the 
poise back to 412 lb. Since he had previously moved the poise out to 
the 500-lb mark on the scale beam, this showed up on the chart 
supposedly as the amount he had dumped into the hopper, to begin 
the shift’s run. Subtracting 412 from 500 gave 88 Ib as fed during this 
period, which the superintendent knew was erroneous. Since moving 
of the counter-poise registers a corresponding distance on the chart 
recorder, representing pounds fed, the error showed up glaringly and 
forced the operator to give an account of what he was doing between 
7 o'clock in the morning and ten minutes to eight. All denials of 
philandering by that operator were of no avail. The superintendent, 
pointing to the chart recorder, quoted Omar Khayyam: “The Mov- 
ing Finger writes; and having writ, moves on; nor all your Piety nor 
Wit shall lure it back to cancel half a Line, nor all your Tears wash 
out a Word of it.” 


8. 


During the second World War, we received a hurry-up call from 
an ordnance plant in Iowa. They had made a beautiful installation 
of one of our feeders and slakers, which was being used to feed 
quicklime to soften the extremely hard water found in the gravel beds 
of central Iowa. Their trouble seemed to stem from the fact that 
every day or two their lime slaker clogged up, because of lime plating 
out on the sides of the slaker and on the impeller. The high-speed 
impellers, turning at about 800 rpm, caked up with some material so 
that they looked like large coconuts. The 1-3/16”’-diameter tapered 
shafts on these mixers looked like baseball bats. 


Inasmuch as we had never heard of any such thing’s happening 
in our slakers, we had to go and see this phenomenon in order to 
believe it. Well, seeing was believing, sure enough. Upon examina- 
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tion we found a limestone coating, which was building out on the sides 
of the slaker, and the mixer shaft was actually “growing” in diameter. 
Naturally, we were perplexed. We had seen lime slakers operated 
for over a year at a time, without even stopping to clean them out, and 
when they were cleaned, the sides of the slaker below the water level 
were clear right down to the metal. 

Our first check was to ascertain if they were keeping the tempera- 
ture up, to insure efficient and complete slaking. Since we found the 
temperature high and well within the range to give efficient slaking, 
we assumed they were using about a 4- or 5-to-1 water-to-lime ratio, 
in order to obtain these high operating temperatures. Further investi- 
gation, however, revealed that this was not the case. They had a 
large supply of warm water available from a heat-exchanger process 
and they were simply diverting all of this water into the slaker. 
Instead of a 4-to-1 water-to-lime ratio, it developed that they were 
using about a 14-to-1 ratio. 

As a result, softening action was apparently taking place in the 
slaker and the high velocities, caused by the high-speed mixers, caused 
the material to plate out. We brought this to their attention and they 
immediately reduced the water supply to the slaker to about a 6-to-1 
water-to-chemical ratio. This plating-out disappeared entirely and 
from then on the slaker operated in a normal manner. The impellers 
and the sides of the slaker below the liquid level remained absolutely 
clean of deposits, and the small amount of lime that adhered to the 
slaker and impeller shafts above the water level, due to splashing, 
was chalk-like in composition and could be easily removed. 


9. 

While on the subject of slakers, an experience comes to mind 
at another plant, where the operators were afraid to operate the slaker 
at high temperatures. Throughout the years, we have stressed high- 
temperature slaking as being proper and more economical. We have 
consistently recommended that temperatures never be permitted to 
fall below 160° F. To prove that there is no danger in operating 
slakers at this temperature, our servicemen have gone into plants 
and started up slakers, frequently operating them at temperatures up 
to 190° and 200° F. 
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Nevertheless, in this plant, although the day shift operated 
slakers at about 150° to 160°, the night shift, wanting to play safe, 
opened up the water valve and let the temperatures drop to around 
100° to 110°. Operating at these extremely low temperatures resulted 
in considerable unslaked lime’s leaving the slaker. On one occasion, 
this unslaked lime gradually built up in a 6” discharge line, so that 
finally the discharge line (which was built large to avoid stoppage ) 
completely filled up and the slaker started to overflow. The operator, 
noting the difficulty, picked up a piece of 2” reinforcing bar, which 
had previously been used to rod out the discharge line, whenever it 
showed signs of plugging up. This time, however, the moment he 
tapped the plug in the discharge line, it blew up in his face, causing 
severe burns. 

What happened? Well, the large particles of unslaked lime had 
settled in the discharge pipe, continued to slake and, as they slaked, 
more heat was evolved, so that neighboring particles of lime, which 
only needed heat to make them slake properly, also started to slake. 
When all the available water in the pipe was used up, steam began to 
form and the operator happened along just at a time when the pres- 
sure, built up in that pipe, was extremely great. The moment he made 
a hole in the plug of lime, the steam rushed upward like a geyser. 

Things are not always what they seem and, in this case, operat- 
ing at low temperatures was not the safe thing to do. As a matter 
of fact, the opposite of safety resulted, causing a dangerous condition, 
resulting in a serious and painful accident. 


10. 


Back about 1930, a private water company purchased one of our 
early-model Universal Feeders for ferrous sulphate. At that time, they 
were slaking by hand. Later they purchased several continuous lime 
slakers from us and are still using them. 

Chemicals are hauled from a freight siding some distance away 
by truck into the plant. At that time, they used an inclined screw 
conveyor to elevate quicklime and ferrous sulphate (copperas) into 
overhead storage bins. The same screw was used for both chemicals 
and proper gates opened to allow the right chemical to go into the 


A 


R. J. LEVEQUE 287 


right bin. A small leak developed at one of the connections to the 
screw, so that a thin stream of chemical sifted down onto a boardwalk 
below the conveyor during the loading operation. 

In one instance, both copperas and quicklime were loaded the 
same day. Near the end of the filling operation, one of the employees 
noticed that the boards below the conveyor were burning away merrily. 

What had happened was this. The lime had absorbed some of 
the water of crystallization in the copperas, causing it to slake. As 
it slaked, the temperature rose, increasing the speed of the reaction. 
Pretty soon, the small mass of mixed quicklime and ferrous sulphate 
reached combustion temperature and the boards broke into flames. 

There have been similar instances of fire starting or of filter 
bags in vacuum-type unloading systems becoming charred, where the 
same system is used for ferrous sulphate and quicklime. 

In just a recent instance, the same conveyor system was used to 
elevate alum and quicklime to steel storage bins. The alum bin and 
the quicklime bin were adjacent and the operator manipulated proper 
valves in order to direct the quicklime into the quicklime bin and the 
alum into the alum bin. With such installations, it is inevitable that 
mistakes are bound to occur. As a matter of fact, in, this case, our. 
engineers warned them that this would happen. In the interests of 
economy, however, they decided that a single elevator would have to 
be used. 

Within the first two or three months, the inevitable happened. 
Alum was dumped into the quicklime bin. Pretty soon the bin began 
to heat up. Paint began to smoke and peel off of the steel bin and the 
fire department was called. They very wisely decided against putting 
water into the bin, which could very, well have caused the quicklime to 
explode. Outside of learning that it was an awful mess and that the 
final “melt” had to be dug out of the bin by men with picks and axes, 
we did not learn any further details. Presumably the firemen played 
water on the outside of the bin, to keep the temperature down as much 
as possible, to prevent the bin and steel supporting members from 
buckling. 

A few years later, when this city built an additional filter plant, 
they used separate elevators for each chemical. 
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11. 


In conclusion, I should like to relate an experience that happened 
in a large industrial-waste treatment plant in Michigan. The equip- 
ment had already been installed by the contractor and merely had to 
be checked and given a final inspection by the servicemen of the 
various equipment manufacturers. 

The superintendent of the plant had confidently set a date for 
starting up, with the hope that all they would have to do would be to 
go around and push buttons and the plant would merrily start to 
function. Our equipment consisted of several chemical feeders and a 
couple of lime slakers, so that probably a dozen motors were involved 
insofar as our equipment was concerned. Our serviceman arrived 
early in the morning and, when he started up our machines, he found 
four motors running backwards. Actually, this represented 33-1/3% 
of the motors on our equipment, turning in the wrong direction, and 
to him this seemed a rather high percentage. After reversing the leads 
on these four motors, to make them run properly, he decided to take 
a walk around the plant while awaiting the time for the plant to be 
put into operation. The first thing he noticed was a centrifugal pump 


.that was not behaving properly. He called the superintendent’s atten- 


tion to the pump and said he believed it was running backward. Sure 
enough, it was. 

Together they walked over and observed an exhaust fan, which 
was being tried out. They noticed that it also was running backward. 
Right then and there, the superintendent decided he would postpone 
starting the plant for another day, so that he could make a complete 
inspection of all motors. “Believe it or not,” in this plant they found 
a total of 29 motors turning in the wrong direction. 

In summing up these experiences, it would seem that truth after 
all is stranger than fiction. And, if these incidents I have related 
have any moral at all, I believe you will agree that it is that service- 
men sent out by equipment manufacturers can be most helpful, not 
only because of their familiarity with the specific equipment involved 
of their own manufacture, but because of their background, general 
knowlege and experience gained from the sort of situations outlined 
in this talk; they are quite often in a position to render assistance in 


getting the bugs out of new plants and getting them into operation in 
a hurry. 
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IMPROVEMENTS TO THE KITTERY WATER DISTRICT 


BY FRANCIS L. HATCH* 


[Read December 17, 1953.) 


A brief sketch of the history of the Kittery Water District seems 
necessary, in order that the growth and improvements to this small 
water system may be appreciated. 

In 1904 the Agamenticus Water Co. built dams at Middle and 
Folly Ponds in York, Maine; ran a 12-inch main from Middle Pond 
to York River; connected it to three 8-inch mains, which were laid on 
the river bottom on piling, and then connected to a 12-inch main, 
which was extended through York into Kittery and the Portsmouth 
Navy Yard. This original main was intended to supply the Navy 
Yard only, but a few people were allowed to tap it. 

Through the efforts of Hon. Horace Mitchell, an act to incor- 
porate the Kittery Water District was passed by the State Legislature 
and signed March 20, 1907. On April 8, 1907, the citizens of the 
District voted to adopt the Charter and on April 9, 1907, Trustees 
were elected. 

After the Charter was granted, the first step taken by the Trus- 
tees was to open negotiations with the Agamenticus Water Co. for 
the purchase of their plant. Since no agreement on purchase price 
could be reached, the matter was referred to the Supreme Court of 
York County. The case was tried by a Commission appointed by the 
Court. The Commission recommended an award of $163,869.38 to 
the Agamenticus Water Co. and costs of $2,004.00 to be borne by 
both parties. The final decree confirming the Commission’s report 
was handed down by the Court February 1, 1908. 

In order to raise funds to pay for plant and make extensions, 
bonds were issued to the amount of $210,000. During the year a 
main was laid to Kittery Point and through principal streets in 


Kittery village. Extensions were made thereafter as revenue would 
allow. 


* Superintendent, Kittery Water District, Kittery, Me. 
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In 1913 the Trustees voted to extend the line into the town of 
Eliot and notes for $35,000 were issued to cover cost of extensions. 
In 1914 a six-inch main was laid over Tenney Hill, Cutts Island 
Lane, and Chauncey Creek Road, Kittery Point, at a cost of $15,000. 

In 1918, due to the insistence of the Government on a larger 
supply of water, $200,000 worth of bonds was issued, to cover the 
cost of installing new 14- and 12-inch mains from Middle Pond, York, 
to Kittery and raising Middle Pond dam 6 ft and Folly Pond dam 
4 ft. This new 14-inch and 12-inch main ran parallel to existing 
main part of the way. At York River both mains were connected to 
a new 16-inch main, which was laid on a trestle over the river and 
along Scotland Bridge Road to Beech Ridge, a distance of 6,000 ft. 
This was connected to an old 12-inch main and new 12-inch main 
which was extended into Kittery. The old river crossing of three 8- 
inch mains was then salvaged. 

In 1934 a new steel bridge, resting on granite piers, was built 
over York River. A 16-inch and 12-inch main was laid on the bridge; 
both mains were connected to existing 16-inch on each shore. The 
cost of new bridge and demolition of old trestle was $19,807.46 

A 500,000-gal standpipe was built in Eliot in 1936. This greatly 
improved service there and helped maintain more constant pressure 
in Kittery. The cost of standpipe, land and pipeline was $20,850.82. 

The war-time activities of the Portsmouth Navy Yard, situated in 
Kittery, Me., together with a 600-family-unit, Federal housing de- 
velopment, known as Admiralty Village, placed a greatly increased 
demand on the facilities of the District. As a result of this, it was 
decided to build another dam, about 500 ft farther upstream than 
the existing dam at Folly Pond and at a higher elevation, to increase 
materially the storage capacity of the reservoir. The gravity section 
of the new dam is built of concrete and is about 21 ft high and 
150 ft long; the remainder of the dam is constructed of earth and 
stone with a concrete core-wall. The ledge seams under the dam 
and core-wall were grouted under pressure with cement. This dam, 
constructed 7 ft higher than the elevation of the old structure, allows 
additional storage of about 200 mil gal of water. It was also neces- 
sary to build an earth dike about 640 ft long at the north end of the 
reservoir, to prevent the water from running onto another watershed. 
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The dam and dikes were built between the winter of 1941 and 
the spring of 1942 by John MacDonald Construction Co., of Newton, 
Mass., at a cost of $84,287.56. 

By March, 1942, the water in Folly and Middle Ponds, the two 
reservoirs then making up the water supply of the Kittery Water 
District, was at a low level and an additional supply was sought. 
Under these pressing conditions the District sought funds from the 
Federal Works Agency under the Lanham Act and a $60,000 grant 
was made available at once. Plans and specifications were prepared 
within a week and a contract was awarded by the Federal Works 
Agency to Edward M. Matz, Inc., for building a pumping station on 
the shores of Chase’s Pond, with two 12-inch cast-iron intake pipes 
installed on piling driven through the ice in Chase’s Pond, and for 
a 12-inch cast-iron pipeline laid on the surface of the ground to Folly 
Pond, a distance of 2,840 ft. The terrain was very rough and the 
pipe was in general, laid cribbed into place by timber and rock founda- 
tions and the bell-and-spigot joints were made tight with Leadite. 

The site of the Chase’s Pond pumping station is about a mile 
from a gravel surfaced road. The pipe, equipment, and building 
materials were carted to the site with tractors and wooden sleds, due 
to the rough terrain and thawing ground. The sleds had about 8-inch 
wooden runners, which had to be replaced each day after making 
two trips. 

A contract was awarded at the same time to Ralph P. Hall, Inc., 
to furnish and install in the pumping station at Chase’s Pond two 
diesel-engine-driven pumping units. One centrifugal pump has a capa- 
city of 1,400 gpm and is belt-driven by a 75-hp Caterpillar engine. 
The other centrifugal pump has a capacity of 700 gpm and is belt- 
driven by a 38-hp Caterpillar diesel engine. The pumps are primed 
by means of gasoline-engine-operated Nash vacuum pumps. The in- 
stallation has a total capacity of 3 mgd. 

In 1932 the Kittery Water District built a chlorinating plant, 
located in the wilderness of York near Folly Pond, at a point where 
two 12-inch mains, conveying water from the reservoirs to Kittery, 
are laid close together. At this location the flow from both pipelines 
is passed through a single Venturi meter, 16” x 8”. The flow is 
measured by a Builders recorder. The water at this location was 
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treated with chlorine and ammonia by means of Wallace & Tiernan 
equipment. The equipment is so arranged as to vary automatically 
the application of chlorine and ammonia directly as the flow varies. 
Later an addition was made to the chlorine plant and new automatic 
chlorinating equipment was installed. 

As stated above, there are, in general, two 12-inch water mains 
extending about 8 miles from the reservoirs to Kittery proper. How- 
ever, there was a gap where only one 16-inch main existed, and 6,000 
ft of 12-inch pipe were laid to fill in this gap, which occurred in the 
town of York along Scotland Bridge Road, from the corner of South 
Berwick Road to Beech Ridge Road. This water main crossed the 
York River, the crossing having been built at a previous date. This 
water line was constructed of bell-and-spigot 12-inch cast-iron pipe 
with Leadite joints. This work was likewise done by John MacDonald 
Construction Co. Other water-main extensions were made at many 
locations, to meet the war housing and government agencies’ require- 
ments, at a cost of $78,673. 

As the water consumption continued increasing, it became evident 
that it would be necessary to have more water available in York, 
Kittery, and Eliot, which are served by the Kittery Water District. 
At times of heavy draft, the water pressure was inadequate. A con- 
tract was awarded to Layne-Bowler New England Co., to drive test 
wells in an effort to locate a satisfactory ground-water supply. Many 
test wells were driven throughout Kittery in the winter of 1942 and 
1943 without success. 

A spring, known as Cottle’s Spring in Eliot, situated about 2,000 
ft from the Eliot standpipe, was located and developed by this writer. 
The water is of excellent quality and is slightly chlorinated. This 
spring delivered 140 gpm. A temporary gasoline-engine-driven pump 
was set up, with 1,400 ft of 4-inch pipe laid over the surface of the 
ground, to connect it with the distribution main. Later, an electric- 
motor-driven pump, having a capacity of 250 gpm, was installed and 
a 6-inch discharge main was laid underground. This water supply 
from Cottle’s Spring has been of great assistance and meets about all 
the requirements of the Eliot section. 

Late in the fall of 1943 it became evident that the water con- 
sumption was increasing to such an extent that the two pipelines 
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conveying the water from the reservoirs to Kittery would not have 
the necessary capacity to meet the demands of the following summer. 
Studies were made to increase the capacity of the existing pipelines. 
The hydraulic gradient along this pipeline having been observed at 
different times during the summer of 1943, a profile was plotted 
showing the earth’s surface and the hydraulic gradients from the 
reservoir to Kittery proper. It then became necessary to locate a 
position along the pipeline where the pipes were spaced reasonably 
close together, and so located that the hydraulic gradient could be 
lowered between that location and the reservoir sufficiently to give 
a flow of about 2,000 gpm, and yet not lower it enough to take the 
water away from any buildings, and to provide sufficient pressure for 
fire protection at Cider Hill and Beech Ridge, York. It was also 
necessary that this booster pumping station be so located that the 
hydraulic gradient on the discharge side of the pump, when pumping 
2,000 gpm would not be so great as to break the existing Class B, 
pit-cast pipe. 

The location finally selected was on Cutts Road, about 3'4 miles 
from Kittery Center and about 4'2 miles from the reservoir. The 
studies made showed that the flow through the pipelines could be 
increased from about 1,250 gpm to 2,000 gpm by boosting the pressure 
at this location about 47 lb. Contracts were awarded to George E. 
Duteau for building the booster pumping station and outside pipe 
connections and to Ralph P. Hall, Inc., for installing the pumping 
equipment. A Gould centrifugal pump was installed, driven by a 
125-hp motor. The electric controls are automatic—the pumping unit 
may be started and stopped by pressure or by time, as desired, or by 
a combination of both. The piping is so arranged by means of check 
valves that when the pump shuts down, the water continues to flow 
by gravity from the reservoir, as it did before the building of the 
pumping station. 

One 4-inch relief valve and two 3-inch relief valves were installed 
at the pumping station on the discharge side of the pump and were 
set to discharge at various pressures slightly above the maximum 
working pressure, in order to snub effectively any surges that might 
occur in the line. These pressure-relief valves have worked very 
satisfactorily, as has the pumping station. Total cost of this station 
was $19,779. 


i 
« 


294 IMPROVEMENTS TO THE KITTERY WATER DISTRICT 


For some years the Kittery Water District had experienced 
trouble with eels in its water system. During the summer of 1945 
the situation became acute. However, an examination showed that 
breaks in the brick runways holding the screens at the screen chamber 
allowed eels to pass around the screens, and it was found that in 
order to rebuild the 35-foot-high brick runways, it would be necessary 
to divert the water around the dam while this work was going on. 
This would require installing a temporary screen on the by-pass pipe- 
line and a considerable amount of difficult work, as the existing valves, 
installed when the dam was first built, could not be relied upon. If, 
during the course of the work, the temporary screen became clogged, 
Kittery would be without water. After considering the hazards in- 
volved, the difficulty in repairing the existing structure and the 
inaccessible location, it was decided to install new strainers in a 
building at a more readily accessible location. The site selected was 
immediately upstream from the existing chlorinator building. 

Many types of strainers were considered and, after much study, 
it was decided to install four multi-duct strainers, each strainer con- 
taining three baskets, two of which are in operation at all times. The 
water supply is secured through two 12-inch pipes at the location of 
the strainer building and, in order to install four strainers, it was 
necessary to relocate these pipes and to branch off from each pipe 
with a 12-inch pipe. A gate was placed on each side of each strainer, 
so that it could be readily shut off in case of the need of repairs or the 
like. The strainer baskets are 12 in. in diameter and about 12 in. 
long and have 3/16-inch circular openings. The total area of the 
holes in each basket is about 1% times the area of the 12-inch pipe, 
so that with two baskets in operation on each strainer at all times, the 
area of the holes in the strainers is equal to about three times the area 
of the 12-inch inlet pipe. No interruption of service occurs during 
cleaning, the construction being such that two baskets must be in 
service while the third is being cleaned. Pressure gauges are installed 
on each side of each strainer and if the drop in pressure through the 
strainer is 2 lb or more, the strainer is then cleaned. 

Much consideration was given originally as to whether to put 
in 2 or 4 strainers. As there was no information available on such 
an installation, it was decided to be conservative and to install four; 
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experience has shown that to have been good judgment. However, if 
the strainers were to be installed in a pumping station or the like, 
where they would be frequently inspected, probably two strainers 
would be sufficient. 

The entire plant cost about $16,373.17. The strainer building was 
constructed by C. L. Guild Construction Co.; strainers were manu- 
factured by Blackburn-Smith Manufacturing Co., and the piping and 
equipment were installed by Ralph P. Hall, Inc. 

In 1946 the masonry dam at Middle Pond was found to be in an 
unsafe condition, due to erosion. During the fall of 1946 and spring 
of 1947, C. L. Guild Co. repaired the face of the dam and also 
pumped tons of concrete into the voids, caused by erosion of nearly 
all of the mortar in parts of the dam. The cost of sealing off leaks 
and restoring safety factor of the dam was $21,737.14 

During August, 1949, due to the extended drought and heavy 
water consumption, the water level in the reservoirs was so low that 
they contained only about a month’s supply. On August 15, the 
emergency diesel-engine-driven pumping station, built during March, 
1942, as a war-time measure, was put into operation and 85 mil gal 
were pumped from Chase’s Pond into Folly Pond up to November 
23, 1949, when pumping ceased. 

The future water-supply requirements of the Kittery Water 
District are very problematical, due to the fact that it supplies the 
Portsmouth Navy Yard, which is located in Kittery. The quantity 
of water used by the Navy Yard varies greatly from time to time. 
Based on studies made by Whitman & Howard, Engineers, and on 
data furnished by the Navy, it was estimated that in 1970 the average 
daily water consumption may be about 3.2 mgd and the maximum 
about 5 mgd. 

The water supply, at that time, including Cottle’s Spring, was 
believed to be capable of yielding continuously an average daily 
supply of 1.4 mil gal. Thus it may be seen that another supply which 
would yield about 1.8 mgd would be necessary, to meet the estimated 
1970 requirements. 

After considerable investigation, a site was selected on Bass Cove 
Creek and a dam built, with spillway 75 ft above mean sea level, 
which impounds 500 mil gal, with a water-surface area of about 105 
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acres and a watershed of about 2.3 sq mi. The dam is of earth-fill 
construction with concrete core-wall, and has a spillway at one end, 
cut through rock. The dam is about 930 ft in length and has a maxi- 
mum height above the original earth surface of 41 ft. The concrete 
core-wall is 2 ft wide at the top and has a batter of 1 ft in 50 on both 
sides. The core-wall sets on ledge for its entire length and has a maxi- 
mum height of 70 ft. 


The ledge below the core-wall was grouted, to prevent or mini- 
mize leakage through seams in the ledge rock under the dam. The 
grout holes were drilled 12 in. on centers to a depth of 12 ft and 
filled with grout under pressure, consisting of one part Portland 
cement and one part sand. An average of 34 cu ft of grout was 
pumped into each hole. At times the grout came out through holes 
drilled in the ledge 4 or 5 ft away. The pipes from the grout holes 
were extended up through the core-wall forms and through the side of 
the forms at a height of about 4 ft above the ledge. Grout was not 
placed until at least one 10-foot lift of the core-wall had been poured. 

The concrete core-wall was placed in 10-foot lifts. The forms 
were continuous, with bulkheads located as required by a day’s pour, 
depending on the weather, temperature, etc. The concrete was de- 
signed to have a minimum compressive strength of 2,500 psi. An 
air-entraining agent was used in the concrete which, together with 
mechanical vibrators, gave a dense, uniform concrete mass without 
voids in the concrete, and which prevented the water from rising to 
the surface and the formation of a laitance at the top surface of each 
pour. 

The matter of construction and expansion joints was given 
serious consideration and it was concluded to build the dam without 
expansion joints. Five-eighths-inch steel reinforcing bars were placed 
in two directions, close to the surface of each side of the core-wall, 
in order to prevent the formation of large expansion and shrinkage 
cracks, due to changes in temperature, etc. This seems to have been 
successful, as only minute hair-line cracks were observed previous 
to filling about the core-wall. The construction joints, in both hori- 
zontal and vertical directions, were built with 4-inch-by-6-inch con- 
crete keyways. Steel water stops were installed at each construction 
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joint of %-inch-by-12-inch steel plates, which were arc-welded at 
all joints. 

A drainage system was constructed along the downstream face of 
the core-wall. This consisted of a 6-inch concrete pipe with 3-inch 
to 6-inch stone to a thickness of 4 ft placed around the pipe. The 
drains discharge into the old creek bed below the toe of the dam. 

The spillway has a capacity of 2,500 cfs. This will take care of 
the maximum one-hour rainfall along the New England coast plus 
melting snow. The extra storage above the spillway will take care of 
a storm of twice the intensity of the record one-hour storm, thus 
giving a quite large factor of safety. 

The intake tower is so arranged that water can be drawn into the 
intake tower through 16-inch-diameter intakes at three elevations. 
Sluice gates were placed on the two upper intakes and an ordinary 
gate valve on the lower intake. The sluice gates are used at the higher 
levels rather than gate valves, due to the danger of ice formation 
breaking the bonnets of gate valves. 

Water flows from the reservoir to the pumping station through 
either or both of the 16-inch pipelines which extend through the dam, 
encased in a reinforced-concrete supporting structure. A blow-off is 
provided, to discharge into the old stream bed. The upper face of 
the earth fill of the dam is paved with stone rip-rap. The lower face 
is grassed. 

The construction work was performed under a negotiated con- 
tract by Landers and Griffin, Inc., of Portsmouth, N. H. Due to the 
acuteness of the situation, actual construction was started within one 
week of the time that Whitman & Howard, Engineers, were instructed 
to undertake the work. Only preliminary plans had been developed 
when the construction work started. The plans were developed as 
the work continued, which required close codperation between the 
engineers and contractors. 

A pumping station was built at Boulter Dam. The pump dis- 
charges into a new 16-inch main, which was connected with existing 
12-inch mains—one on each side of the new dam. This new 16-inch 
main was laid across country to Scotland Bridge Road, where it was 
connected to existing 16-inch and 12-inch mains which ran to Beech 
Ridge. From connections of 16-inch and 12-inch mains at Beech 
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Ridge, York, a new 16-inch main was laid across country to a booster 
station at Cutts Road, Kittery. 


A new 16-inch main was connected to two 12-inch mains at 
Shepard’s Hill, Kittery, and extended to a 12-inch main that enters 
the Navy Yard at Gate No. 2. It was also connected to a 10-inch main 
that supplies Kittery Point. The cost of land, dam, reservoir, pump- 
ing station and new mains was $656,624.87. 


In 1951, 6,300 ft of 16-inch, 3,000 ft of 14-inch, 71,080 ft of 
12-inch, 14,710 ft of 10-inch, and 16,000 ft of 6-inch main—a total 
of 111,720 ft—were cleaned by the National Water Main Cleaning 
Co., the total cost being $17,539.44. 

Any remarks the author might make in regard to his experience 
in ridding the system of eels and cleaning mains would be unprintable. 

To list all of the extensions and improvements since 1908 would 
be lengthy and boring. However, since February, 1908, the District 
has grown from 8 miles of 12-inch water mains, with its two small 
reservoirs valued at $163,869.38, to a system with 70 miles of mains, 
three reservoirs with a capacity of 1,060 mil gal, 3,317 customers, a 
daily consumption of 1,787,788 gal and total assets of $1,484,948.39, 
after deductions of $498,084.50 for depreciation, as of December 31, 
1952. 

Whitman & Howard, Engineers, drew the plans and supervised 
all of our major improvements since 1941. Ralph P. Hall, Inc., 
installed all our pumping equipment, chlorinators and strainers. The 
author is indeed fortunate to have had the privilege of working with 
the above-mentioned firms. It has been a great pleasure and an educa- 
tion for him. 

In conclusion, a few facts about the Trustees of the Kittery 
Water District will reflect the confidence the citizens of the District 
have in our Trustees. 

The first Trustees were elected April 8, 1907. At this time Hon. 
Horace Mitchell, Calvin P. Hayes and James H. Walker were elected, 
to serve for a 3-year term, a 2-year term, and a one-year term, respec- 
tively, and one Trustee was elected each year thereafter, to serve a 


3-year term. All of the above-mentioned were reélected as their terms 
expired and all died in office. 
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In 1914, George D. Boulter was elected to fill the vacancy left 
when Mr. Hayes passed away. In 1922, Mr. Boulter was elected 
President of the Board of Trustees. He has been reélected each term 
and is still very active as President at 89 years of age. 

Elmer J. Burnham was elected Trustee in 1922, to fill the vacancy 
left by the death of Hon. Horace Mitchell. Shortly after his election 
as Trustee Mr. Burnham was elected Treasurer and has been reélected 
as each term expired. 

Burnell E. Frisbee was elected Trustee and Secretary in 1941, to 
fill the vacancy caused by the death of James H. Walker. Mr. Frisbee 
has been reélected as each of his terms expired. 

Six Trustees in 46 years comprise a record that is hard to equal. 
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Harold K. Barrows was born in Melrose, Mass., November 9, 
1873, and lived as a boy in Reading. He was educated at the Reading 
High School and graduated from Massachusetts Institute of Tech- 
nology in 1895. His first work was with the City Engineer in Newton 
and then with the Metropolitan Water Board in Boston until 1901, 
when he became for three years Assistant Professor of Civil Engineer- 
ing at the University of Vermont. From 1904 to 1910 he was 
District Engineer for the United States Geological Survey in charge 
of their stream-gaging measurements, his district covering New Eng- 
land and New York. 

In 1909 he was appointed Associate Professor of Hydraulic 
Engineering at M.I.T., where he gave courses in water-power engineer- 
ing. He was made a full Professor in 1921 and served in that capacity 
for 20 years, becoming Emeritus in 1941. During this period a great 
many of the men who later became hydro-electric engineers took his 
course in the hydro-electric option. 

In 1907 he also started his office as consulting engineer, specializ- 
ing in hydraulic work—water power, water supply and flood control. 
From 1910 to 1930 Professor Charles B. Breed was associated with 
him in the firm of Barrows & Breed. His office at 6 Beacon Street, 
Boston, was retained until his retirement in 1950. 

In 1927 he published the first edition of his book, ‘““Water Power 
Engineering,” which was very widely used by teachers and engineers 
all over the country. Three editions were published, the last one in 
1943. In 1948 he published a book entitled “Floods, Their Hydrology 
and Control.” He was the author of many papers in the publications 
of the American and Boston Societies of Civil Engineers and the New 
England Water Works Association. 

Professor Barrows was a member, past president and honorary 
member of the Boston Society of Civil Engineers; a member and past 
president of the Northeastern Section of the American Society of Civil 
Engineers; a member of the American Institute of Consulting Engi- 
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neers and the New England Water Works Association (since 1902); 
an honorary member of the M.I.T. Chapter of Chi Epsilon, and a 
fellow of the American Academy of Arts and Sciences. 

During his long practice of consulting engineering, he was engi- 
neer in various capacities for many state commissions in New Eng- 
land, New York and New Jersey. He took an important part in the 
special water-power investigation by the public utilities of the State 
of Maine, which was published in 1918. After the 1927 flood, he made 
flood investigations in Vermont for the state, the report on which was 
published in 1930, and during 1933-4, he made a similar study for 
the State of New Hampshire. He was regional consultant for the 
National Resources Commission from 1935 to 1938. For many years 
he served the State of Vermont as consultant in connection with ap- 
proval of plans of dams built in that state. In Massachusetts he served 
the Metropolitan District Commission in connection with the ap- 
praisals of land damages in the development of the Ware River and 
Swift River water supplies. He served the State of New Jersey in 
connection with case of New Jersey vs. New York regarding the 
Delaware River. He was a member of the Board of Consulting Engi- 
neers of the T.V.A. for the valuation of surface water rights. He was 
also consultant for many municipalities and public utility and indus- 
trial companies on water-supply and water-power problems. 

His professorship at M.I.T. and his large experience in state, 
municipal and private work throughout New England gave him a 
standing and reputation that was widespread throughout the whole 
community, with the result that his services and advice were required 
on all kinds of hydraulic problems. 

In 1907 Professor Barrows married Mabel R. Jordan, who died 
in 1952. They had one son, Kilbrith Barrows, who survives him. 
Since 1907 they had lived in Winchester, Mass., where he died on 
March 15, 1954. He served as chairman of the Winchester Water 
and Sewer Board from 1913 to 1916. He attended the Unitarian 
Church. He was a former member of the Calumet Club, the Win- 
chester Country Club and the Siaconnet Golf Club of Little Compton, 
R. I. 


Howarp M. TURNER 
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FRESH WATER FROM THE OCEAN. By Cecil B. Ellis. 217 pp. New 

York, N.Y.: The Ronald Press Co., 1954. $5.00. 

In this book the author presents a report of a study, sponsored 
by The Conservation Foundation, of the problem of desalting sea 
water on a large scale and at a low cost. The book contains a system- 
atic examination of the physical forces and techniques involved in 
separating salt ions from sea-water molecules. To determine the 
economic feasibility of large-scale production methods, all major cost 
elements are analyzed in terms of a capacity of 1,000 mgd, approxi- 
mately the quantity used daily in the city of New York. In presenting 
the subject matter, the author has adopted a readable style rather 
than highly technical language. 

The list of chapters is as follows: 

The Problem. 
Types of Separation Methods. 
Energy Costs. 
Long-Range Force Systems. 
Actions on the Container. 
Sieve Processes. 
Distillation with Conventional Fuels. 
Distillation by New Heat Sources. 
Chemical Surface Methods. 
10. The Sale of By-Product Chemicals. 
11. A 1000-mgd Electric Membrane Plant. 
12. Conclusions. 
Appendix: Ideas for By-Passing the Problem. 

The book contains a list of references after almost every chapter, 

as well as a 5-page index and 41 illustrations. 


GEORGE C. HOUSER 
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In recognition of the increased use of radiation and the associated 
health-protection problems, the Public Health Service, U. S. Depart- 
ment of Health, Education, and Welfare, sponsors a radiological 
health training program. The purpose of the program is to indoctri- 
nate public health workers with the significance of ionizing radiations, 
the environmental and occupational hazards attendant on their use, 
and recommended procedures for minimizing such hazards. The train- 
ing program is presented at the Robert A. Taft Sanitary Engineering 
Center, Cincinnati, Ohio. It is designed primarily for professional 
personnel of State and local health departments, but a limited number 
of qualified applicants from other governmental agencies and industry 
will be welcome. 

The following courses are among those being presented in 1954- 
55. The readers of this JourNaL might be particularly interested 
in them. 


November 1-5 ....Problems of Radioactivity in Water Works 
May 16-20 Problems of Radioactivity in Water Works 
January 10-21 ....Basic Course in Radiological Health 
April 18-29 Basic Course in Radiological Health 
May 2-13 Environmental Radiation Sanitation 


For further information address: 


Chief, Radiological Health Training Section 
Robert A. Taft Sanitary Engineering Center 
4676 Columbia Parkway 

Cincinnati 26, Ohio 
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Aprit 1954 MEETING 
Rkode Island Country Club, Barrington, R. I. 
Thursday, April 15, 1954 


Over 160 members of the New England Water Works Associa- 
tion and their guests gathered at Bristol, R. I., to tour and inspect 
the facilities of the Bristol County Water Co. in Bristol, Warren 
and Barrington. The tour included the newly remodeled and equipped 
office building in Bristol. the Warren Station (rapid-sand filtration 
plant and pumping station) and the Barrington Station (iron-removal 
plant and pumping station). 

After luncheon at the Rhode Island Country Club, President 
William B. Duffy opened the meeting, introduced those at the head 
table, and called upon John H. Murdoch, Jr., Vice President of the 
American Water Works Service Co., Philadelphia, Pa., who presented 
a paper, entitled “Recruiting for Water Works.” 


May 1954 MEETING 
Andover Country Club, Andover, Mass. 
Thursday, May 20, 1954 


The new Lawrence Experiment Station of the Massachusetts 
Department of Public Health and the Lawrence Water Filtration 
Plant were the objects of an inspection tour by many members and 
guests of the New England Water Works Association. 

Luncheon was served at the Andover Country Club, after which 
President William B. Duffy introduced those at the head table and 
called upon the Mayor of Lawrence, Hon. John J. Buckley, and Sidney 
P. White of Andover, both of whom gave the group a most cordial 
welcome. 

A paper, “Long-Range Planning for Andover Water Supply,” 
was read by George A. Sampson, of Weston and Sampson, Boston, 
Mass. 

A paper, “Operating Experience with Chlorine Dioxide,” was 
read by Joseph C. Derby, Chief Chemist, Water Filtration Plant, 
Lawrence, Mass. 
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ENGINEERS 


Coffin & Richardson, Inc. 
Consulting Engineers 


Water Supply, Sewerage, Flood Control 
Investigation, Design, Valuation 
Incinerators 


68 Devonshire St. .... Boston, Mass. 


FAY, SPOFFORD & THORNDIKE 


ENGINEERS 

Charles M. Spofford Ralph W. Horne 

John Ayer William L. Hyland 

Bion A. Bowman Frank L. Lincoln 

Carroll A. Farwell Howard J. Williams 
Water Supply - Sewerage - Drainage 
Structural and Foundation Problems 
Investigations Reports Designs Valuations 

Engineering Supervision 


11 BEACON STREET BOSTON 


HALEY & WARD 
ENGINEERS 


Successors to Frank A. Barbour 
Water Works and Sewerage 
Valuations 
Supervision of Construction and 
Operation 


TREMONT BUILDING BOSTON, MASS. 


MORRIS KNOWLES 


Engineers 


INC, 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Industrial 
Wastes, Valuations, Laboratory, 
City Planning. 


1312 PARK BUILDING 
PITTSBURGH 22, PA. 
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ENGINEERS 
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Oakdale, Massachusetts 
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5-3727 
Tel. WEST BOYLSTON 


IRVING B. CROSBY 
Consulting Engineering Geologist 
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6 Beacon Street, Boston 8, Mass. 


CAMP, DRESSER & McKEE 


Consulting Engineers 


6 Beacon Street 
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LEGGETTE & BRASHEARS 


Consulting Ground Water Geologists 


Water Supply Salt Water Problems 
Dewatering Investigations 
Recharging Reports 


551 Fifth Avenue New York 17, N. Y. 
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Malcolm Pirnie, Jr. 
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Ernest W. Whitlock 
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25 West 43rd St. New York 36, N. Y. 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply and Sewerage 


Chemical and Bacteriological 
Laboratory 


14 BEACON ST. BOSTON, MASS. 


ENGINEERS 


Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Water Measurements & Special 
Hydraulic Investigations 


50 Church Street 


THE PITOMETER ASSOCIATES, INC. 


New York City 


WHITMAN & HOWARD 


Engineers 
Established 1869 


Investigations, Designs, Estimates, 

Reports and Supervision, Valua- 

tions, etc., in all Water Works and 
Sewerage Problems. 


89 BROAD ST. BOSTON, MASS. 


Charles A. Maguire & 


Associates 


Engineers 


294 WASHINGTON ST. 


BOSTON, MASS. 


PIERCE -PERRY CO. 


Wholesalers ef 
Water Works Brass Goods 
Byers Wrought Iron Pipe 

Youngstown Steel Pipe 
Valve and Service Boxes 


236 Congress St., Boston, Mass. 
Telephone, HAncock 6-7817 — 6-7818 


Hazen and Sawyer 
ENGINEERS 
RicHarD HAZEN 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design, 
Supervision of Construction and Operation 


110 East 42nd St. 


ALFRED W. SAWYER 


New York 17, N. Y. 


C. Reppucci & Sons, Ine. 


General Contractors 


Ground Water Supply 

Gravel Packed Wells D 
Water Works 
Drainage and Sewerage Works 


10 Garden Court St., Boston, Mass. 
(Tel. LAfayette 3-7330) 


D. L. MAHER CO. 


Water Supply Contractors 


Gravel Wall and Driven Wells 
Municipal and Industrial Supplies 


Cambridge, Massachusetts 


38B Brattle Street - Kirkland 7-1438 


Anderson-Nichols and Company 


Consulting Engineers 


150 CAUSEWAY STREET 
BOSTON 14, MASSACHUSETTS 
Baltimore, Md. Concord, N. H. 
Water Supply, Distribution and Treatment, 
Industrial Waste Treatment, Sewage Collec- 
tion and Disposal, Refuse Collection and 
Disposal, Drainage, Highways and Bridges. 
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ADVERTISEMENTS, 
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LAYNE - NEW YORK CO. 


Inc. 
SUCCESSORS TO 
Layne-Bowler New England Corp. 


Well Water Supply Contractors 


New England Headquarters 
15 Ryder Street, Arlington, Mass. 
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Rensselaer 
VALVES AND HYDRANTS 
with Mechanical Joint 


Joint 
Hydrant. 

The surest way to reduce installation costs 

and insure long service with low main- 

tenance on cast iron pipe lines is to use 

Rensselaer Valves and Hydrants with 

Mechanical Joints. 

The installation cost is reduced because 2 Selet Tapping 
an unskilled laborer can make the con- Valve with 
nection in a few minutes with only one ' ‘we “O” Ring Seal. 
wrench. 


Mechanical 


Low maintenance is assured by the 
dependability of this type of connection 
which has been tested and proven in 
thousands of installations. 


Rensselaer Gate Valves are built rugged and simple, to give positive 
seating action and long life. They are easy to operate, and conform to 
A.W.W.A. specifications. 

Rensselaer Fire Hydrants are designed on the knuckle joint principle 
and open with the pressure. They are quick opening with free-flow, long 
radius curves. Will not freeze or flood and no digging is required for 
repairs or stand-pipe breakage. 


« CHECK VALVES e« AIR RELEASE V 


SALES REPRESENTATIVES IN PRINCIPAL CITIES 


v 
‘ 
Rensselaer VALVE CO. \rroy, 
ATE VALVES FIRE HYDRANTS + SQUARE BOTTOM VALVES | ALVE 
n3 


HERSEY MANUFACTURING COMPANY | 
SOUTH BOSTON, MASS. 


BRANCH OFFICES: NEW YORK — PORTLAND, ORE. — PHILADELPHIA — ATLANTA 
DALLAS — CHICAGO — SAN FRANCISCO — LOS ANGELES 


HERSEY 


has been building WATER 
METERS for more than 67 
years. There is a HERSEY 
Water Meter for every need, 
be it for measurement of a 
trickle or a torrent. HERSEY 
Water Meters will give you 
the greatest satisfaction. 


: 
4 : > 
t 1. < 
3 

| 
| \ 

° ti mer f 
3 
4 
; 
¥ 


ADVERTISEMENTS 


“Century” Pipe installation, Brookwood Estates, Stanhope, N. J. 


PERMANENT 


STRENGTH 


“CENTURY” PIPE 


as its name suggests, retains its great 
strength for generations. One reason is 
that the materials used to make it (asbestos 
fiber and portland cement) are themselves 
inherently strong and durable. Secondly, 
K&M maintains rigid quality control 
throughout the manufacturing process. 
To be certain of high strength and uni- 
formity of construction, K&M tests every 
length, both hydrostatically and in flex- 
ure, before it leaves the plant. “Century” 
pipe has proved its strength by long ser- 
vice in many kinds of soil. 


Consider the many other distinct advan- 
tages of “Century” pipe and you'll see 
why more and more thrifty towns are 
choosing it—why it’s the wise choice for 
your community too! 


Write for further information now. 


QUALITIES THAT MAKE “CENTURY” PIPE ECONOMICAL, TROUBLE-FREE, LONG-LIVED 
NON-TUBERCULATING 
- NON-CORROSIVE 

. PERMANENT STRENGTH 


1 
2 
3 
4. 
5 


. IMMUNE TO ELECTROLYSIS 


10. LOW COST 


“Century” pipe meets the A.W.W.A., AS.T.M. and Federal 


Pp 


ent pressure pipe. 


KEASBEY & MATTISON company 


AMBLER 


PENNS YLVAN 


oh, M 
y & Matt 


6. TIGHT JOINTS 
7. SMOOTH BORE 
8. EASILY, QUICKLY LAID 
9. LIGHT WEIGHT 


has made it serve mankind since 1873 
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The meter used by thousonds 
of in the U S. 
ond obrood 


SURE TO MEET YOUR 
SPECIFICATIONS FOR ACCURACY, 
LOW MAINTENANCE, 

LONG LIFE 


Before you invest in water meters, get acquainted 
with the design and performance advantages 

which make Worthingron-Gamon 

Watch Dog Water Meters first choice of so many 
municipalities and private water companies 

an the United Staces 


WATCH DOG WATER METERS 
*Wetch Dog” models .. . mode in stendord copocities from 
90 wp: ond wilt cose in household sizes. Disc 
type. Turbine type or Compound type. Write for Bulletin. 


WORTHINGTON-GAMON 
METER DIVISION 
Worthington Corporation 
296 South St., Newark 5, New Jersey 
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ADVERTISEMENTS. 


TRIDENT 
“BALANCED DESIGN” 
MEANS 


T hree problems that give meter superintend- 


ents gray hairs . .. noisy meters, broken 
discs and premature failures . . . have as their 
primary causes turbulence, interference, and im- 
proper motion of the disc piston. Here’s how Trident 
meter’s “balanced design” eliminates these faults: 


The Trident disc is axially controlled. The thrust 
roller... a Neptune “first” . . . guides the disc in 
the exact path necessary for smooth, balanced flow 
of the water. No sloppy or eccentric motion to 
couse noise, disc breakage or excessive wear. Inlet 


NEPTUNE METER COMPANY 
19 West 50th Street © New York 20, N. Y 


NEPTUNE METERS, LTD. 
1430 Lokeshore Rood @ Toronto M4, Ontario 


Bronch Offices in Principal 
American ond Canadion Cities 


and outlet ports, and the casing itself are care- 
fully designed for smooth, uninterrupted flow of 
water. There is no turbulence caused by water cir- 
culation up through the gear train and stuffing 
box . . . these are permanently lubricated and 
sealed from the path of the water. 


We believe the Trident meter, if properly in- 
stalled, is the quietest, most dependable meter you 
can buy. It’s one of the many reasons why more 
Trident meters have been bought in the past 50 
years than any other meter. 
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for 
increased 
volume 


higher National 


pressure 


lower 


pumping 
costs 


No, we’re not miracle 
men, but we can guarantee 
that regardless of the inside 
condition of your water 
main, we can restore their 
original rated capacity to 95% or better. 
Think of the increased volume, higher pressure and lower 
pumping costs that National cleaning will 
bring to your system—then write or 
call National today. 
There’s absolutely no obligation to have 
National’s experienced engineers call. 


TIONAL water MAIN CLEANING COMPANY 
50 Church Street - New York, N.Y. 


ATLANTA, GA., 333 Candler Building ® BERKELEY, CALIF., 905 Grayson Street © DECATUR, GA., 
P. O. Box 385 © BOSTON, MASS., 115 Peterboro Street © CHICAGO, 122 So. Michigan Avenue ® 
ERIE, PA., 439 E. 6th Street © FLANDREAU, S.D., 315 N. Crescent Street © KANSAS CITY, MO., 
406 Merchandise Mart and 2201 Grand Avenue ® LITTLE FALLS, N.J., Box 91 © LOS ANGELES, 
5075 Santa Fe Avenue ® MINNEAPOLIS, MINN., 200 Lumber Exchange Building © RICHMOND, 
VA., 210 E. Franklin Street © SALT LAKE CITY, 149-151 W. Second South Street © SIGNAL 
MOUNTAIN, TENNESSEE, 204 Slayton Street © MONTREAL, CANADA, 2032 Union Avenue ® 
WINNIPEG, CANADA, 576 Wall Street © HAVANA, CUBA, Lawrence H. Daniels, P. O. Box 
531 © SAN JUAN, PUERTO RICO, Luis F. Caratini, Apartado 2184, 


PUBLIC WORKS SUPPLY CO. 


DISTRIBUTORS OF 
“DARLING” Fire Hydrants, Valves, Tapping Sleeves. 
“DRESSER” Couplings, Sleeves, Clamps. 
“FORD” Meter Test Benches, Yokes, Copper Horns. 
‘**J-M” Bacteria free Asbestos Yarning Rope—Style 4210 and 4211. 
CAST IRON GATE AND CURB BOXES 


93-95 BROOKLINE ST., LYNN, MASS. Tel. LYnn 2-7823 


Cement Lined Service Pipe 


WE CAN NOW ship your requirements in all sizes of black or galvanized, steel or 
wrought iron pipe from stock. Genuine “Lipco” Cement Lined Pipe and Lead Lined 
Fittings have given and will continue to give years of trouble-free service. 


CEMENT LINED PIPE COMPANY 


93-95 Brookline St. Tel. LYnn 2-7823 Lynn, Mass. 


Pioneer Manufacturers of CENTRIFUGAL CEMENT LINED PIPES 


Liguid Clborine and 
Sodium Hypochlorite 


Prompt deliveries from nearby plant at Berlin, N. H. 


A PRODUCT OF lie BROW 


Berlin, NEW HAMPSHIRE 


SALES OFFICE: 465 CONGRESS ST., PORTLAND, MAINE. Tel. Portland 2-2829 
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{HYDRO-TITES 


(POWDER) 


For over 40 years HYDRO-TITE has been faithfully 
serving water works men everywhere. Self-caulk- 
ing, self-sealing, easy-to-use. Costs about 1/5 as 
much as lead joints. Packed in 100 Ib. moisture- 
proof bags. 


(LITTLEPIGS) 


The same dependable compound in solid form — 
packed in 50 Ib. cartons — 2 litters of pigs to the 
box — 24 easy-to-handle Littlepigs. Easier to ship, 
handle and store. 


FIBREX 


(REELS) 


Tke sanitary, bacteria-free joint pack- 
ing. Easier to use than jute and costs 
about half as mhch. Insures sterile 
mains and tight joints. 


HYDRAULIC DEVELOPMENT CORPORATION 


Main Seles Offee 50 Church Street, New York . General Offices and Works W. Medford Station, Boston, Mass 
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Tel. SUDBURY 458 P. O. BOX 153 


HILCO SUPPLY 


delivers 
A Complete Line of Waterworks 
Supplies To All New England 


Quality Products — Fast, Courteous and Dependable Service 


At the Junction of Routes 20 and 27 
SOUTH SUDBURY, MASSACHUSETTS 


CORPORATION 
Manufacturers of 


JOHNSONITE 


| PLASTIC FLEXIBLE PIPE 
Made from 100% Virgin Polyethylene 


Long Length Coils Light Weight 
No Rust 114%4 Times Less Friction Loss | 


DISTRIBUTORS ALL OVER NEW ENGLAND 


For further information write er phone 
our New England Representative 


JOHN K. KIRN 
| West Shore Drive, Marblehead, Massachusetts 
Telephone Neptune 2-1928 
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PRECISION 
Chemical Pumps 


For Chlorinating Swimming Pools, Drinking Water, Waste. 
Fluoridation of Municipal Water Supplies. 

Corrosion and Scale Control, Phosphate Injection. 
Chemical Waste Treatment. 

Automatic Sampling. 


Accurate, dependable, positive displacement, diaphragm type 
pumps. Constant rate or meter paced for automatically 
variable output. 


Precision Chemical Pump Corp. 


Successor to Precision Machine Company 


8 Walnut Street Somerville, Massachusetts 
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From Break to Service 
in 11 minutes... 


e THE KENNEDY SAFETOP is the only 
hydrant with the threaded breaking ring that gives 
positive connection and rigid alignment of the two 
standpipe sections. Extensive tests and actual service 
reports show that the Kennedy Safetop can stand as 
tough a blow as the conventional hydrant without 
damage. But under a smashing impact, it always 


breaks cleanly at the breaking ring, without damage 


to working parts. 


SHEARED OFF by a heavy road-scraper at 1:26, the Kennedy Safetop 


breaks evenly at the ground level. 


Photos taken at N. Y. State oGouten meeting, A.W.W.A., April 1949. 


WITH ONLY an inexpensive 
Safetop Repair Kit and o few 
common tools, one man can 
permanently repair the Ken- 
nedy Safetop. 


NO NEED FOR DIGGING be- 
cause breakage is all above 
ground . . . no flooding be- 
cause compression-type valve 
closes with water pressure. 


MINUTES the 
Kennedy Safetop is back in 


IN JUST 11 


service working as 
smoothly and efficiently as if 
nothing had happened. 


WRITE FOR SAFETOP BULLETIN 105 


m KENNEDY 


VALVE MFG. CO. «+ ELMIRA, N.Y. 


VALVES PIPE FITTINGS FIRE HYDRANTS 
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THE 
HEFFERNAN 
PRESS 


PRINTERS 
and 


PUBLISHERS 


150 Fremont Street 


Worcester, Massachusetts 
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Aluminum Alloy Tapping Machine 


e Only 36 pounds to handle 
The new HAYS Model B Tap- 


ping Machine, now made of ¢ Rugged construction 
High Strength aluminum alloy, 
is light, compact, efficient. The ¢ Fast and simple to operate 
HAYS Machine takes up less 
4 room inthe ditch, requires fewer e Renewable bearing bronze 
_ operations, is easier to handle, feed yoke insert 
i easier to operate, speeds up 


installation of all standard 
makes of corporation stops. 


¢ No disassembly to insert 
Corporation Stop 


Your HAYS distributor 
or our representative 
will be glad to dem- 
onstrate the Model B 
++. write us about 
one for a trial on 
the job by your own 
men. 


¢ Complete with chest 


WATER WORKS PRODUCTS 


HAYS MANUFACTURING CO. 
ERIE, PA. 


. 
| 
JHAYS( Model B 
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it’s 
tomorrow’s 
pipe cutter 


today 


for 


water 


and 


gas works 


Feu PORTABLE AUTOMATIC PIPE SAW 


Pneumatic or Electric Drive 


Weight: only 145 Ibs. plus single chain link. 

Clearance: 12” maximum around pipe. 

Set up time: 5-10 minutes by 1 or 2 unskilled men. 

Both pneumatic and electric machines will operate under water. 


Cuts 8” pipe in 5 minutes — 24” pipe in 30 minutes. 


@® ONE YEAR GUARANTEE. Unit priced 
Cuts CAST IRON to pay for itself in first few cuts. 
and STEEL MAINS ® Also available, small pneumatic or electric 


portable automatic “Fein” saw for 1%” 
8 -60 dia. to 6” cast iron or steel pipe. 


Hundreds of satisfied owners. Literature and prices available on request. 


Hl. R. Prescort & Sons, te. 


WATER WORKS SUPPLIES FOR NEW ENGLAND 


Box 7 : Greendale Branch : Worcester 6, Mass. 
Office and Warehouse: 165 Hartwell Street 
W. Boylston 5-4431 
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ADVERTISEMENTS 


EDDY can supply replacement parts for any 
Eddy Valve or Hydrant ever installed! This is 
important to you because the Valves and 
Hydrants you buy today must serve several 
generations yet unborn. You want no “orphans” 
in your system. Eddy Hydrants and Eddy 
Valves are backed by Eddy Valve Company’s 
104 years of dependable operation — your as- 
surance that replacement parts will be available 
during the years to come. 


For YEARS and YEARS and YE ARS 
YOU CAN DEPEND UPON 


EDDY 


Hl. R. Prescott & Sons, Inc. 


NEW ENGLAND SALES AGENTS 


Box 7 : Greendale Sta. 
Worcester 6, Massachusetts 
Tel. WEst Boylston 5-4431 


EDDY VALVE 


WATERFORD, NEW YORK 


COMPANY 
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ADVERTISEMENTS. 


‘Is no 
accident... 


Just as a show-dog’s winning pedigree is no 
accident, neither is the pedigree of a Wallace 
& Tiernan Chlorinator. Both are distinctive and 
reflect the result of years of selection, training 
and experience. 


Selection, in the sense of progressive. labora- 
tory-tested improvements in design and construc- 
tion . . . Improvements which increase the value 
of dependability “inbred” in W&T Equipment 
for forty years. 


Training, in the sense of a nation-wide staff 
of Chlorination Specialists, equipped to give 
prompt service and installation advice on all 
W&T Equipment. 


Experience, in the sense of the many thou- 
sands of W&T Chlorinator installations, now 
meeting the particular daily chlorination require- 
ments of communities all over the world. 


The pedigree of a W&T Chlorinator is an open 
book. Why not write for a free introductory 


chapter today? $.83 


WALLACE & TIERNAN 
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JOURNAL OF THE NEW ENGLAND WATER WORKS 
ASSOCIATION 


AVAILABLE ON MICROFILM 


THE JOURNAL OF THE NEW ENGLAND WATER WorkKS ASSOCIATION 
is now available to subscribers on microfilm. This method of repro- 
duction permits libraries, and individuals who have limited storage 


space, to provide legible and durable copies of the JOURNAL in a 
very small bulk. 


Copies of the JouRNAL reproduced in this way are available only 
at the end of the volume year. 


Inquiries concerning purchase should be directed to University 
Microfilms, 313 N. First Street, Ann Arbor, Michigan. 


Warren Foundry & Pipe Corp. 


For your convenience Warren maintains a large fittings 
inventory at their Everett, Mass., pipe plant. Below is a 
partial list of fittings at time of publication: 


62— 6” B&S 90° Bends 


40 — 4” BSB Tees 

32 — 6x4” BSB Tees 
54— 6” BSB Tees 

47 — 8” BSB Tees 
20 — 12x6” BSB Tees 
17 — 12x10” BSB Tees 


81— 8” B&S 90° Bends 
95— 6” Solid Sleeves 
61— 8” Solid Sleeves 
20 — 12” Solid Sleeves 
20— 6” BSBB “rosses 


N. E. Sales Office 
75 FEDERAL STREET, BOSTON 10, MASS. 
Tel. Liberty 2-7979 


Executive Offices 


55 LIBERTY STREET, NEW YORK CITY 
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SALES or CONTRACT 


R. F. BAHR 


Get Full Service From Old Mains 


The most practical way to meet today’s overload demand 
is to clean clogged water mains. FLEXIBLE Pipe Clean- 
ing Co., specializes in such jobs — any size — 2” to 72”. 


41 GREENWAY, HAMDEN, CONNECTICUT 


~ 333352 


Pipe Founders Sales Corporation 


CAST IRON PIPE AND FITTINGS 
FOR 


Water, Steam, Gas and Culverts 
Special Flanged and Bell and Spigot Castings 
Lyncast Iron Chemical Castings 


Office: 131 State Street, Boston 9 


Warehouse and Yard: East Cambridge, Mass. 


MILLS ENGINEERING CO., INC. 
10 High Street, Boston, Massachusetts 


Representing 
Philadelphia Gear Works, Inc. Bradley Washfountain Co. 
Gears, Speed Reducers Group Washing Equipment 
Limitorque Valve Controls 
American Well Works Blackburn-Smith Mfg. Co., Ine. 
Sewage and Water Process Pneumatic Ejectors 
Equipment Filters 
Pumps Strainers 


xxl 
| | 
| 
| | 
5 
val 
i 


ADVERTISEMENTS. 


1879—ROSS— 1879 


AUTOMATIC VALVES 


Controls elevation 
of water 


in 
tanks, basins 
and 
reservoirs 


ALTITUDE VALVE 


1. Single Acting 
2. Double Acting 


Maintains 
desired discharge 
pressure 
regardless 
of change 
in 
rate of flow 


REDUCING VALVE 

Regulates pressures in gravity and pump 
systems; between reservoirs and zones of 
different pressures, etc. 


Maintains 
levels in tank, 
reservoir 
or basin 


1. As direct 
acting 


2. Pilot oper- 
ated and with 
float traveling 
between two 
stops, for upper 
and lower limit 
of water eleva- 
tion. 


FLOAT VALVE 


A self contained 
unit, with 
controls 
three or more 
automatic 


COMBINATION VALVE 


Combination automatic control both di- 
rections through the valve. 


Maintains 
safe operating 
pressures 
for 
conduits, 
distribution and 
pump 
discharge 


SURGE-RELIEF VALVE 


Electric 
remote control— 
solenoid or 
motor 
can be 
furnished 


REMOTE CONTROL VALVE 


Adapted for use as primary or second- 
ary control on any of the hydraulically 
controlled or operated valves. 


ROSS VALVE MFG. CO., INC. Box 592 TROY,N. Y. 
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HORTON TANK 
at Taunton State Hospital 


The Commonwealth of Massachu- 
setts installed this  1,000,000-gal. 
Radial-Cone elevated tank to provide 
dependable water storage for both 
domestic and fire protection for the 
Taunton State Hospital, Taunton, 
Massachusetts. The tank with a range 
in head of 25-ft., and 80-ft. to bottom, 
receives its water supply from the 
City of Taunton. 

Horton Radial-Cone elevated tanks 
are built in capacities from 500,000- 
gals. to 3,000,000-gals. Horton reser- 
voirs, stand-pipes ellipsoidal- 
bottom elevated tanks are also avail- 
able. Write to the address below for 
information or estimates. 


CHICAGO BRIDGE & IRON COMPANY 
201 Devonshire Street, Boston 10, Massachusetts 
Eastern Plant — Greenville, Pa. 


FLANGED PIPE AND SPECIALS WATER WORKS BRASS GOODS 
CURB AND GATE BOXES HYDRANTS AND VALVES 
CRESCENT DIAPHRAGM PUMPS PIPELINE EQUIPMENT AND TOOLS 


WROUGHT IRON AND STEEL CEMENT LINED PIPE 
LEAD LINED FITTINGS 


EUREKA CEMENT LINED PIPE CO., INC. 


Telephone: LY-3-9550 
591-593 WASHINGTON STREET LYNN, MASSACHUSETTS 


R. H. WHITE CONSTRUCTION CO., Inc. 
GENERAL CONTRACTORS 


Water Mains Pumping Stations 
Pumping Machinery Stand pipe Foundations 
Sewerage Disposal 


41 CENTRAL ST., AUBURN, MASSACHUSETTS 
(Tel. Auburn 8121) 
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Where installations are planned for 
long-term service to assure low cost per 
service year, water works engineers rely 
on cast iron pipe as a dependable and 
adaptable material. Consequently, it is 
specified for a wide variety of applica- 
tions, both utility and industrial, includ- 
ing water supply, sewerage, fire protec- 
tion, process industries and many forms 
of special construction. Long life and 
low maintenance cost are proved results 
of the high beam-strength, compressive- 
strength, shock-strength and effective re- 
sistance to corrosion of cast iron pipe. 
Cast Iron Pipe Research Association, 
Thos. F. Wolfe, Managing Director, 122 


s Cast iron water main still function- 
So. Michigan Ave., Chicago 3, Ill. ing in Boston after a centery of 
service. 


(CAST IRON PIPE 2252: 
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AN INTEGRATED PRODUCER 
IS A SUPPLIER 
YOU CAN RELY ON 


Coke Ovens 


United States Pipe and Foundry Company is a wholly 
integrated producer of cast iron pressure pipe — from 
our mines and blast furnaces to our strategically located 
pipe plants. 

This should be of major interest to a pipe buyer 
since it means: 

(1) complete independence of action in supplying 
your needs as we produce our own raw 
materials, 

(2) greater assurance of continuity of service at 
all times, and 

(3) undivided control of quality at every step in 
pipe production from the ground up. 

“In addition to being able to control the quality of 
pipe-making raw materials at their sources, our Quality 
Control of pipe produc- 
tion gives further assur- 


ance to customers that the 

quality level of U. S. Cast U. 

Iron Pipe is in excess 

of standard specifications. 


Our pipe is produced to cast iron 


our own quality control 


specifications, more exact- 
ing than the established 
specifications under which 


FOR WATER GAS. SEWERAGE 
east iron pipe is normally AND INDUSTRIAL SERVICE 
purchased. 


U. S. PIPE & FOUNDRY COMPANY 
GENERAL OFFICES: BIRMINGHAM 2, ALABAMA 


A wholly integrated producer ... from mines and blast 
furnaces to finished pipe. 


Blast Furnaces Pipe Plants 
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The Journal of the 
New England Water Works Association 


is a quarterly publication, containing the papers read at the meetings, to- 
gether with reports of the discussions. Many of the contributions are from 
writers of the highest standing in their profession. It affords a convenient 
medium for the interchange of information and experience between the 
members, who are so widely separated as to find frequent meetings an im- 
possibility. Its success has more than met the expectation of its projectors; 
there is a large and increasing demand for its issues, and every addition to its 
subscription list is a material aid in extending its field of usefulness. 

All members of the Association receive the JoURNAL for three dollars per 
annum which sum is included in their annual dues; to all others the sub- 
scription is four dollars per annum. 


TO ADVERTISERS 


"TBE attention of parties dealing in goods used by Water Department is 
called to the JouRNAL OF THE New EncLanp Water Works ASSOCIATION 
as an advertising medium. 

Its subscribers include the principal Water Works Con- 
TRACTORS in the United States. The paid circulation is 1,200 coptzs. 

Being filled with original matter of the greatest interest to Water Works 
officials it is PRESER and constantly REFERRED TO BY THEM, and - 
advertisers are thus more certain to REACH BUYERS than by any other 
means. 

The Journat is not published as a means of revenue, advertising being 
inserted solely to help meet the large expense of publication. 


ADVERTISING RATES 


Size of page 4% x 7% net. 
A sample copy will be sent on application. 
For further information address the Advertising Agent 
Mrs. Auice R. MELROsE, 


73 Tremont STREET, 
Boston 8, MASSACHUSETTS 


One Issue Four Issues 


COSTS ARE REDUCED WHEN LEADITE IS USED 


Of course, the greatest advantage in using LEADITE, is, that 
it makes a good, tight joint,—and thus reduces leakage to a 
minimum,—but LEADITE also offers the following advan- 
tages, which are worthy of serious consideration: Saves 
caulking expenses—Reduces cost of digging large bell-holes 
—Saves in cost of material—Reduces time required for 
pumping “wet trenches”—Saves time in preparation—Saves 
time in handling on the job—Saves in freight and hauling 


Another point, LEADITE saves “interest charges” by speed- 
ing up the completion of the water line. 


The true value of LEADITE is best indicated by the fact that 
it has been used on THOUSANDS OF MILES of Water 
Mains,—all over this Country, as well as in many Overseas 
Countries. 


The Pioneer self-caulking material for c. i. pipe, 
Tested and used for over 40 years, 
Saves at least 75%. 


THE LEADITE COMPANY 
Girard Trust Company Building — Philadelphia, Penna. 


: 
ty 
mg WALL 4 ; y 
a 


